This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 
to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 
to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 
are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 
publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 

We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  from  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 


at|http  :  //books  .  google  .  com/ 


A    TEXT-BOOK 


ON 


GAS,  OIL,  AND  AIE  ENGINES. 


STANDARD  WORKS  FOR  ENGINEERS. 


GAS  MAKITFACTUIIE :  A  Handbook  on  the  Prodnction,  Purification, 
and  Tatting  of  nimnlnating  Om,  and  the  Aisay  of  the  Bre-ProducU  of  Gm  Mana- 
facturo.  For  the  use  of  Oaa  Engineers,  Chemists,  and  others.  B7  W.  J.  atkikson 
BOTTBRVIEU),  ]i.A.,  F.C.8.,  late  Head  Chemist,  Gas  Works,  Beckton,  London,  E. 
Handsome  Cloth,  with  nnmeions  Illnstrations.  Ssoohd  Bditioh,  Bevlsed.  Witli 
a  Section  on  Aobttlxns.  lOe.  6d. 
*'  Bt  tab  thb  bmt  work  of  TBS  KiMD  we  have  ever  had  the  pleaaore  of  reviewing."-— Tottmol 

of  Ga$  Lighting. 

PSTROLEUM  AND  ITS  PRODUCTS.  By  Bovsrton  Redwood, 
F.&.S.E.,  F.I.C.,  A.IK8T.C.E.,  Consoltlng  Adviser  to  the  Corporation  of  London 
under  the  Petroleum  Acts,  Ac.  Assisted  by  Oio.  T.  Hollowat,  F.I.C,  A.lLC.Sc., 
and  numerous  Contributors.  With  Tables,  Maps,  Plates,  and  Illustrations  in  the 
Text.  In  Two  Vols.  LsjgeSvo.  Handsome  Cloth.  Price  i6s. 
"ISDISPSSBABUI  to  sll  who  hsTo  to  do  with  Petroleum.**— JlftMiiv  J<mrnaL 

FIXED  OlliS,  FATa  BUTTBItS,  AND  WAXES :  Their  PreparaUoxi 
and  Properties,  and  the  Manufacture  therefrom  of  Candles,  Soaps,  and  other 
Products.  ^  C.  B.  Aldbr  Wright,  D.Sc.  F.B.S.,  Late  Lecturer  on  Chemistry, 
St.  Mary'i  Hospital  Medical  School.  In  large  Svo.,  handsome  cloth,  with  144 
Illustrations.  28b. 
"Dr.  Wkioht's  work  will  be  foand  absoldtblt  indibpbssablb  by  every  Chemist    Tiuis  with 

infonnstion  valuable  alike  to  the  Analyst  and  the  Tecbnleal  Chemist"— nc  Analptt. 

LUBRICATION  AND  LUBRICANTS :  A  Treatise  on  the  Theory  and 
Practice  of  Lubrication,  and  on  the  Nature,  Properties,  and  Testing  of  Lubilcanta. 
By  LBOHAIU)  ASOHBUTT,  F.I.C,  F.ca.,  and  B.  Mountford  Dulet.  With  Illustra- 
tions and  copious  directions  for  the  valuation  of  Lubricants  and  the  commercial 
testing  of  materials  used  in  Lubrication.  21s. 
"Contains  praetleally  all  that  is  krowv  on  the  rabject"— Ai^inecr. 

MARINE  ENOINEERINa  (A  Manual  of).  Comprising  the  Designinc, 
Construction,  and  Working  of  Marine  Machinery.  By  A.  K.  Skatom,  M.Inst.C.E., 
M.In8t.M.E.,  M.Inst.N.A..  Ac.  Thirtumth  Edition,  Bevised.  With  Chapter  nn 
Water-tube  Boilers,  and  numerous  Illustrations,  reduced  from  Working  Drawings. 
21s. 
"  Mr.  Sbatov'8  Manual  has  so  aivAL."-!^  Time*. 


INDISPENSABLE  FOR  THE  ENGINEER. 

Bt  W.  MACQUOBN  BANKINE,  C.E.,  LL.D.,  F.&.S., 
Late  Reg.  Prof,  of  Civil  Bogineering  in  the  Univenity  of  Glaagow.    In  Crown  8vo,  doth. 
I.  A  MANUAL  OF  APPLIED  MECHANICS.    FmSENTH  EDITION.    18s.  6d. 
IL  A  MANUAL  OF  CTVIL  ENaiNEEBING.    TWENTIETH  EDITION.    16s. 
III.  THE  STEAM  ENGINE  AND  OTHEB  PBIME  M0VEB8.    FOURTEENTH  EDITION. 
18s.  6d. 

IV.  A  MANUAL  OF  MACHINEBY  AND  MILLWOBK.    SEYBNTH  EDITION.    18s.  6d. 

V.  USEFUL  BULES  AND  TABLES  FOB  ENGINEEBS,  ABCHITECT8,  BUILDERS, 

ELECTBICIANS,  &0,    SEVENTH  EDITION.    10s.  6d. 
YI.  A  MECHANICAL  TEXT-BOOK :  A  Simple  Introduction  to  the  Study  of  Mechanics. 

FIFTH  Edition.    9s. 
VII.  PBOFESSOB    BANKINE'S    MISCELLANEOUS    SCIENTIFIC    PAPEB8.      With 

Memoir  by  Professor  Tait,  M.A.,  and  Fine  Portrait  on  Steel.     Boyal  Svo, 

Handsome  Cloth.    81s.  6d. 


GRIFFIN'S     POCKET-BOOKS. 

MABINE  ENOINEERINa  RX7LES  AND  TABLES  (A  Pocket- 
Book  of).  For  the  use  of  Marine  Engineers,  Naval  Arohltecta,  Designers,  Draughts- 
men. Superintendents,  and  all  engaged  in  the  design  and  construction  of  \larine 
Machinery,  Naval  and  Mercantile  Bj  A.  £.  Seaton,  M.In8t.C.E.,  and  H.  M. 
BOUNTHWAITB,  M.Inst.Mech.E.  With  Illustrations.  Pocket  Sise,  Leather.  Fifth 
Edition,  Bevised.  8s.  ed. 
*'  Admikaslt  tniflls  its  pnrpoie."— JforijM  Entfineer. 

BOIIiEBS,  MARINE  AND  LAND  :  Their  Construo  ion  and  Strength. 
A  Handbook  of  Bules.  FormulsD,  Tables,  &e.,  relative  to  Material,  Scantlings,  and 
Pressures  up  to  200  ibs.  per  square  inch.  Safety  Valves.  Springs,  Fittings  and 
Mountings,  &c.  By  T.  W.  Traill,  M.Inst.C.E.,  F.E.B.N.,  late  Engineer  Surveyor- 
in-Chief  to  the  Board  of  Trade.  Thibd  Edition.  Pocket  Size,  Leather,  also  for 
Office  use,  Cloth,  12s. 
"  A  MOST  UBsruL  voLUM  B  .   .   .  Supplying  in  formation  to  be  had  nowbefo  else."— The  Aiir*n<rr. 

HUNRO    AND    JAMIESON'S    ELECTRICAL     POCKET-BOOK. 

Electrical  Bules  and  Tftbles  for  the  use  of  Electricians  and  Engineers.    By  John 
MuNBO,  C.E.,  and  Prof.  JAMISS09,  M.Inst.C.E.,  F.B.S.E.    Fourteenth  Edition, 
Bevised.    Pocket  Size,  Leather.  8s.  6d. 
**  WoMDsaFULLT  PBWBCT.''~JBZec(r(e/aa. 


lONOON:  CHARLES  GRIFFIN  ft  GO,.  LIMITED,  EXETER  STREET.  STRAND. 


A    TEXT-BOOK 


ON 


GAS,  OIL,  AND  AIR  ENGINES. 


BT 

BRYAN     DONKIN, 

Mxxns  OF  TBI  nniTUTioii  o»  ciTu  naivBB^  ximbbb  or  tBi  uimrunow  o»  iochabical 
aneinna:  mbmbbi  ammucam  socurr  or  MicHAiiicAb  uairana;  mbmbbb 

•OCini  D'BaOOUBAaiMBliT,  PASIS :  UMnB  Timna  DIITfBCHBB 

nonuuBi,  Bi&u>;  authok  or  *'ria*  irricnsoT 
or  araAM  ■oijuhul* 


WITH  149  iaU$TRATI0M8  AMD  8£L£0T£D  TABLES  OF  TRIALS^ 


SbfrO  SOltfon,  'RevfaeO  an^  latgels  ttewtitten. 


LONDON: 

CHARLES  GRIFFIN  &  COMPANY,  LIMITED; 

BXETEK   STREET,  STRAND. 

1900. 

[AU  nights  Jieaerved.] 


/\y^      or  THE  '^^^ 


r^*^ 


A^ 


/€ 


y 


i.ALL:nE 


f. 


PREFACE  TO  THE  THIRD  EDITION. 


I  HAVE  been  asked  by  my  publisher  to  prepare  a  Third 
Edition  of  this  work,  a  request  with  which  I  willingly 
comply.  The  demand  for  it  shows  the  growing  and  very 
satisfactory  interest  taken  in  internal  combustion  motors, 
their  theory  and  working  methods,  and  especially  the  many 
good  and  accurate  tests  now  made.  During  the  last  few 
years  the  increase  in  the  number  and  power  of  gas  and  oil 
engines  used  for  all  kinds  of  industrial  and  trade  purposes 
has  been  remarkable.  They  now  compete  with  steam  engines 
for  powers  from  50  up  to  1500  H.P.,  not  only  in  England  and 
America,  where  gas  and  oil  are  cheap,  but  also  in  Germany 
and  Switzerland.  In  France,  where  both  gas  and  oil  are 
more  expensive,  they  are  not  so  much  in  request. 

There  have,  however,  been  so  many  important  changes  and 
improvements  in  these  explosive  engines  during  the  last 
five  years,  that  I  have  found  it  necessary  to  re-write  large 
portions  of  the  book.  Many  engines  that  were  formerly 
made  have  now  been  relegated  to  the  historical  chapters, 
while  new  ones  have  come  to  the  front.  Cheap  power  gas 
is  now  widely  used  in  all  European  countries  for  driving 
engines  with  one  or  more  cylinders  up  to  500  H,P.  In 
America,  owing  to  the  stores  of  natural  gas  in  many  places, 
it  is  not  so  much  employed,  but  several  large  plants  are 
at  work.  That  part  of  the  present  work  which  relates  to 
gas  production  for  power  has  been  of  necessity  greatly  en- 
larged, many  new  gas  producers  having  been  recently  brought 
out.  A  complete  new  chapter  has  been  added  on  the  very 
large  and  important  development,  within  the  last  two  or 
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three  years  only,  of  gas  engines  using  high  furnace  gases, 
which  are  now  made  up  to  1500  H.P.  The  demand  for  these 
motors  is  likely  to  increase  considerably  in  the  near  future, 
because  of  the  great  economy  of  fuel  they  produce  in  iron 
works,  where  the  furnace  gases  usually  go  to  waste.  Coke 
oven  gases  may  be  and  are  also  used  for  power  purposes. 

Every  year  witnesses  new  applications  of  "internal  com- 
bustion" motors,  to  generate  electric  light,  and  for  mills, 
tramways,  cranes,  hammers,  road  carriages,  pumps  for  water, 
irrigation  and  sewage,  and  all  kinds  of  agricultural  purposes. 
The  portability  of  small  oil  engines  renders  them  very  con- 
venient for  farm  work,  and  for  use  in  villages  and  other 
places,  where  gas  is  not  made.  Nearly  all  these  motors, 
work  with  the  four-cycle,  with  lift  valves  and  circulating 
water  jadcets  for  cooling  the  cylinder.  Most  of  the  larger 
sizes  are  horizontal,  the  Westinghouse  forming  a  somewhat 
striking  exception.  The  three-cylinder  vertical  type  of  gas 
engine,  with  three  cranks,  forming  virtually  three  separate 
engines,  is  much  used  in  the  United  States  for  large  powers 
up  to  1500  H.P.  As  a  rule,  gas  engines  are  nearly  always 
single-acting,  single  cylinder,  except  for  the  largest  powers, 
when  two  or  more  cylinders  are  used.  The  charge  is  gener- 
ally fired  by  tube  ignition,  sometimes  by  electricity.  The 
clearance  volumes  are  larger  than  in  steam  engines,  generally 
from  20  to  50  per  cent,  of  the  total  volume,  as  against  2  to 
8  per  cent,  in  steam  engines.  Many  first-class  makers  have, 
however,  during  the  last  few  years,  built  engines  with  much 
smaller  clearance  volumes,  in  order  to  increase  the  compres- 
sion of  the  charge.  It  is  to  this  increased  compression  that 
the  much  greater  economy  in  the  consumption  of  gas  and 
oil,  and  the  higher  heat  efficiency  must  be  attributed. 

That  both  gas  and  oil  engines  now  run  with  greater  regu- 
larity than  in  the  past  is  due  to  the  fact,  that  more  attention 
has  been  paid  to  the  governing  arrangements.  The  initial 
pressures — as  shown  by  the  indicator  diagrams — are  con- 
stantly on  the  increase,  owing  chiefly  to  the  more  complete 
expulsion  of  the  products  of  combustion.     In  1862  the  initial 
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pressure  was  only  about  50  lb&,  while  now  (1900)  it  reaches 
250  lbs.  per  square  inch,  a  highly  satisfactory  result. 

One  reason  which  may  account  for  the  great  development 
of  gas  and  oil  motors,  besides  their  convenience  and  the 
absence  of  a  boiler,  is  their  much  higher  thermal  efficiency* 
as  compared  with  that  of  steam  engines.  As  the  initial 
temperature  of  explosion  is  greater,  they  yield  a  considerably 
higher  range  of  temperature  in  the  cylinders  per  motor  stroke. 
In  judging  a  heat  engine,  not  only  should  the  heat  efficiency  be 
well  considered,  but  especially  the  actual  cost  of  the  heat  units 
in  a  cubic  foot  of  gas  or  pound  of  oil,  in  different  localities. 
Gas,  oil,  and  coal  are  all  different  forms  of  gaseous,  liquid,  or 
solid  fuel,  and  contain  so  many  thermal  units,  varying  largely 
in  monetary  value  in  different  towns.  The  steam  engine 
has  had  a  life  of  some  130  years,  the  gas  engine  only  about 
35  years,  or,  say,  a  quarter  of  the  time,  oil  about  13  years, 
cheap  or  power  gas  20  years,  high  furnace  gases  8  years. 
As  yet  there  are  very  few  and  small  applications  of  gas  and 
oil  to  marine  engines,  and  no  locomotives  driven  by  oil 
engines  are  working.  On  the  other  hand,  the  number  of 
small  boats  on  rivers,  lakes,  and  canals  worked  by  oil,  gas, 
or  gasoline  motors  is  very  considerable,  many  thousands 
being  in  use  in  Europe  and  America. 

As  regards  modern  gas  engine  trials,  the  study  of  gases, 
'  and  of  the  cycle  in  these  motors,  the  names  which  stand 
out  most  prominently  are — Lenoir,  Otto,  Beau  de  Bochas, 
Clerk,  Atkinson,  Crossley,  Delamare  -  Deboutteville,  Slaby, 
Witz,  Capitaine,  Dowson,  Lencauchez,  Schottler,  Mallard,  Le 
Chatelier,  Bertbelot,  Meyer,  and  others;  and  for  oil  engines, 
Brayton,  Priestman,  Homsby,  Daimler,  and  others.  The 
number  of  exact  and  reliable  trials  on  gas  and  oil  motors 
is  decidedly  on  the  increase.  Tests,  when  well  made,  give 
valuable  information,  and  generally  lead  to  improvements  by 
the  makers,  with  whom,  however,  they  are  not  popular.  Dr. 
Slaby 's  trials  .at  Charlottenburg  were  among  the  first  to 
throw  scientific  light  upon  the  cycle  in  a  gas  engine.  Some 
interesting  experiments  by  Professor  Burstall  should  be  read 
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by  those  who  desire  to  study  this  subject,  and  Professor 
Meyer's  trials  at  Zurich,  B&le,  Hanover,  and  elsewhere,  also 
deserve  special  notice.  Much  has  been  done  in  this  direc- 
tion in  Germany,  and  many  tests  made  by  Diesel,  Capitaine, 
Banki,  &c. 

The  remarkable  scientific  and  engineering  fact  is  that  tens 
of  thousands  of  gas  and  oil  engines  are  working  under  con- 
ditions which,  at  first  sight,  appear  impossible — Le,,  with 
explosion  and  flames  in  a  cast-iron  cylinder — and  yet  no 
real  difficulty  is  found  with  lubrication,  valves,  &c.  The 
cylinder  and  piston  are  kept  sufficiently  cool  by  the  use  of 
a  water  jacket,  and  of  a  good  mineral  oil  for  lubrication.  If 
these  two  points  be  carefully  attended  to,  no  practical  diffi- 
culty is  experienced,  although  during  explosion  and  combustion 
very  high  temperatures  are  attained.  About  one-third  of  the 
total  heat  produced  is  often  carried  off  in  the  jacket  water, 
otherwise  the  engine  would  not  work  well,  but  there  is  here 
a  large  opening  for  important  future  developments. 

No  practical  rotatory  or  "impulse"  gas  or  oil  motors,  on 
the  lines  of  the  well-known  Laval  or  Parsons  Turbine,  are 
yet  in  the  market.  Air  engines  seem  to  have  made  no 
progress  during  the  last  ten  years.  Patents  have  been  taken 
out  at  diflerent  times  for  compound  gas  engines,  but  these 
have  not,  up  to  the  present  time,  met  with  much  success. 
Acetylene  gas  engines  are  also  in  the  experimental  stage. 
On  the  other  hand,  road  carriages  driven  by  gas  or  oil 
engines  are  now  so  very  largely  used,  and  of  so  many 
different  types,  that  the  subject  can  only  be  properly 
treated  in  a  separate  work. 

A  chronological  list  of  the  successive  developments  in 
gas  and  oil  engines  is  added. 

In  this  edition  the  original  division  of  the  work  into 
three  parts,  treating  respectively  of  gas,  oil,  and  air  engines, 
has  been  retained.  Part  I.,  on  Gas  Engines,  is  divided  into 
two  sections,  one  dealing  with  the  early  history  of  these 
motors,  and  the  other  with  modern  commercial  engines. 

Various  appendices  are  added  containing  information  that 
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could  not  well  be  incorporated  in  the  text.  One  of  them 
gives  an  abstract  of  the  valuable  researches  and  experiments 
made  by  Dr.  Slaby,  of  Berlin. 

The  theory  of  the  gas  engine  is  briefly  discussed  in  several 
chapters,  and  in  this  part  of  the  work  I  have  had  the  ad- 
vantage of  the  valuable  criticism  of  Professor  Capper,  of 
King's  College,  London.  Chapter  XIV.,  on  the  Chemical 
Composition  of  Gas,  has  been  entrusted  to  Mr.  G.  N.  Huntly, 
A.R.C.S.,  who  is  responsible  for  the  greater  part  of  it 

I  am  much  indebted  to  the  numerous  recognised  authori* 
ties,  especially  to  the  excellent  works  of  Professors  Schdttler 
and  Witz,  Mr.  D.  Clerk,  Professors  Boulvin,  Meyer,  Jenkin, 
and  Robinson,  Dr.  Slaby,  M.  Chauveau,  and  others.  Informa- 
tion has  also  been  obtained  from  the  Proceedings  of  the 
Institution  of  Civil  Engineers^  Proceedings  of  the  Institution 
of  Mechanical  Engineers^  American  Society  of  Mechanical 
EngxTheers^  Oomptes  Rendtis  de  la  SodiU  des  Ing&nieurs 
OivilSt  ZeiJtschrift  des  Vereines  deutscher  Ingdnieure,  The 
Engineer  J  Engineering^  Journal  of  Oas  Lighting^  and  various 
other  scientific  and  technical  periodicals.  A  list  is  added  of 
the  literature  on  the  subject,  both  English  and  foreign,  which 
will,  it  is  hoped,  be  found  complete. 

In  this  Third  Edition,  care  has  also  been  taken  to  consult 
the  works  of  the  latest  writers  in  England,  America,  and  on 
tlie  Continent,  on  the  theory  and  practice  of  gas  and  oil 
engines,  gas  generators,  and  high  furnace  gases,  and  to  bring 
the  matter,  as  far  as  possible,  up  to  date. 

Finally,  a  list  has  been  added  of  selected  tests — 110  on 
Gas,  and  63  on  Oil  engines.  The  best  trials  published 
up  to  the  end  of  1899  are  here  shown  in  tabulated  forms, 
and  in  order  of  merit  of  Thermal  Efficiency. 

The  author  gratefully  acknowledges  the  valuable  daily 
help  of  his  private  secretary. 


KsiOATS,  July,  1900. 
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XIX 


DEVELOPMENT  OP  THE  MODERN  OAS  ENGINE. 
APPROXIMATE  DATES. 


Year. 
First  horizontal  Lenoir  French  engine,  water  jacketed,  with  slide  valve 

(40  cubic  feet  of  gas  per  I.H.P.  hour).     Electric  ignition,        .  1861 
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Messrs.  Priestman  first  exhibited  a  4  H.P.  petroleum  engine  at  the 

Nottingham  Meeting  of   the  Royal  Agricultural  Society,  using 
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One  or  two  makers  in  England, 1888 

A  6  H.P.  portable  oil  engine  exhibited  at  the  Windsor  Meeting  of  the 
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Royal  Agricultural  Society,  Plymouth  Meeting.     Light  portable  motors. 

Prize  awarded  to  Messrs.  Priestman  for  4^  H.P.  portable,       .  1890 

Royal  Agricultural  Society,  Cambridge  Meeting.    Fixed  engines,  4  to  8 

B.H.P.,  11  exhibited.    Portable  engines,  9  to  16  B.H. P.,  6  exhibited. 

Prizes  awarded  to  Messrs.  Homsby  and  Messrs.  Crossley,       .        .     1894 
Approximate  number  of  firms  making  oil  engines — Germany  ^,  England  ^ 

20,  France  10,  Switzerland  5, 

Heat  efficiency  in  the  best  engines,  taking  B.H.P.  10  per  cent,  to  20  per  1  moe 

cent., 

Largest  engines  made  about  00  LH.P., 

First  Diesel  oil  engine  about 

Number  of  firms  making  oil  engines — ^about  30  in  Great  Britain,    . 
Heat  efficiency  of  the  best  engines  per  B.H.P.  about  27  per  cent,  for  25  I 

B.H.P.  engine, ^^^^ 

Largest  engine  made,  60  H. P.,  about 
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PART   I.— GAS   ENGINES. 


CHAPTER    I. 


GENERAL  DESCRIPTION   OF  THE  ACTION  AND   PARTS 
OF   A   GAS  ENGINE. 

CoNTEirrs. — Introduction — Advantages  of  a  Gas  Ensine — Waste  of  Heat — 
Source  of  Power— Utilisation  of  Motive  Force -Farts  of  a  Gas  Ensine — 
Transmission  of  Energy — Admission  of  Gas  and  Air — Ignition — Explosion 
and  Expansion— Exhaust — Compression— Oiling—  Regulation  of  Speed. 

The  principles  governing  the  construction  and  action  of  a  gas 
motor  are  almost  the  same  as  those  of  a  steam  engine.  In  both  the 
object  is  to  obtain  useful  work  from  heat.  This  is  effected  by 
raising  water  or  gas  to  a  certain  temperature,  producing  in  the  one 
case  steam,  in  the  other  flame,  and,  with  the  pressures  resulting 
from  the  increase  of  heat  in  the  steam  or  flame,  driving  forward  a 
piston  connected  to  a  shaft.  The  science  of  thermo-dynamict 
proves  that  there  exists  a  strict  ratio  between  the  heat  evolved  and 
the  work  performed.  The  laws  governing  the  production  of  this 
heat  energy  are  always  the  same,  whatever  the  medium  or  agent  of 
motive  force. 

In  mechanical  motors  there  are  three  points  to  be  considered : — 
let.  The  cause  of  motion,  varying  according  to  the  type  of  motor. 
In  thermal  engines  it  is  heat  obtained  from  the  combustion  of  coal 
in  a  boiler  or  air  furnace,  or  by  the  explosion  of  inflammable  gases. 
2nd.  The  effect  produced,  or  the  energy  into  which  the  heat  is 
transformed ;  this  usually  takes  the  form  of  pressure  upon  a  piston 
working  on  to  a  crank.  So  far,  all  heat  motors  are  alike.  3rd. 
The  particular  mechanism,  differing  in  each  kind  of  motor,  by 
which  this  translation  of  heat  into  work  is  utilised.  The  difference 
between  steam    and  other  kinds  of   motors,  such  as    gas,  air, 
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petroleum,  &c,,  lies  in  the  means  employed  to  generate  the  heat, 
and  turn  it  into  work. 

A  steam  motor  consists  of  three  indispensable  parts,  the  furnace, 
the  boiler,  and  the  cylinder  containing  the  motor  piston.  These 
may  be  in  close  proximity  to  each  other,  but  there  is  usually  a 
separate  building  for  the  boiler,  &c.  The  process  of  starting  a 
steam  engine  is  relatively  slow  and  laborious.  The  fire  must  be 
kindled  and  combustion  obtained  in  the  furnace,  and  the  water  in 
the  boiler  brought  to  boiling  point  and  evaporated  into  steam. 
The  temperature  must  then  be  raised  until  the  pressure  of  the 
steam,  produced  by  the  increase  of  temperature,  is  sufficient  to 
propel  the  motor  piston. 

Advantages  of  a  Gkis  Engine. — In  a  gas  engine  these  openir 
tions  are  much  simpler,  because  it  is  so  constructed  that,  for  the 
work  it  has  to  perform,  it  is  complete  in  itself,  containing  on  one 
foundation  the  equivalent  of  furnace,  boiler,  and  cylinder.  It  ia  in 
the  cylinder  that  the  production  and  utilisation  of  the  heat  take 
place,  and  the  entire  cycle,  or  series  of  operations,  is  completely 
carried  out.  Highly  inflammable  gases  and  air  are  first  admitted 
into  the  cylinder.  They  are,  at  a  given  moment,  exploded  by  the 
application  of  heat  or  flame ;  the  pressure  and  the  temperature  are 
at  once  considerably  raised,  and  the  piston  is  driven  forward.  In 
a  steam  engine  the  working  agent  is  produced  separately  and  con- 
tinuously, but  in  a  gas  motor  the  explosive  charge,  which  acts  as 
the  medium  of  heat,  must  be  formed  afresh  at  each  stroke  of  the 
piston.  With  gas  there  is  very  little  difficulty  in  obtaining  an 
explosion,  and  a  corresponding  backward  and  forward  stroke,  as 
many  times  in  a  minute  as  is  required.  As  combustion  takes  place 
in  the  cylinder  itself,  pressures  and  temperatures  much  greater 
than  those  developed  in  steam  engines  are  easily  and  quickly  pro- 
duced. Gas  motors  are  called  "  internal  combustion  "  engines,  and 
the  same  name  is  used  for  all  motors  in  which  the  heat  is  generated 
inside,  instead  of  outside,  the  cylinder. 

This  brief  outline  of  the  working  of  a  gas  motor  shows  the 
advantages  it  possesses  in  practice  over  the  steam  engine — namely, 
compactness  and  facility  in  starting.  Theoretically,  it  is  also 
superior,  because  higher  initial  temperatures  are  available,  to  act 
upon  the  piston.  But  in  all  heat  motors  hitherto  made,  there  are 
defects  which  the  skill  of  the  best  constructors  has  not  yet  been 
able  to  overcome — namely,  waste  of  the  greater  part  of  the  heat 
generated,  and  consequent  loss  of  pressure,  or  of  useful  work  done 
upon  the  piston. 

Considering,  first,  the  practical  advantages  of  the  gas  engine,  as 
far  as  compactness  is  concerned,  it  leaves  little  to  be  desired.  The 
space  it  occupies  is  small,  a  few  square  feet  being  sufficient,  instead 
of  the  separate  boiler  and  chimney  necessary  with  a  steam  engine 
A  gas  motor  can  be  fixed  almost  anywhere,  but  it  should  stand  on 
a  solid  foundation,  to  counteract  the  vibrations  caused  by  the 
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repeated  explosions.  To  place  it  in  proper  working  condition,  all 
that  is  required  is  a  gas  supply  pipe,  and  a  water  tank  with  pipes 
for  cooling  the  cylinder.  The  high  temperatures  produced  by  the 
explosion  of  the  gases  necessitate  the  use  of  a  jacket  round  the 
cyUnder,  through  which  water  circulating  automatically  from  a 
tank  passes  continuously,  to  keep  it  cool ;  this  jacket  water  is  used 
oyer  and  over  again.  These  pipes,  with  a  third  communicating 
with  the  outer  air,  and  providing  an  outlet  for  the  burnt  gases, 
constitute  all  the  necessary  working  connections. 

A  gas  engine  thus  easily  fixed,  can  also  be  set  in  motion  and 
started  in  a  few  minutes.  If  a  gas  jet  or  hot  ignition  tube  is 
nsed  to  fire  the  charge,  the  gas  is  previously  lighted ;  where 
combustion  is  obtained  electrically,  the  generation  of  the  sparks 
is  produced  before  the  engine  is  started.  A  few  turns  by  hand 
or  other  means  are  given  to  the  flywheel,  while  the  exhaust  is 
kept  open,  and  the  engine  is  then  fairly  at  work.  To  stop  it, 
nothing  is  needed  but  to  turn  off  the  supply  of  gas.  For  small 
manufactures  the  convenience  of  having  a  motive  power  at  hand, 
easy  to  start  or  stop  in  a  few  moments,  is  so  great,  that  small 
gas  motors  are  rapidly  superseding,  not  only  steam,  but  manual 
labour.  It  cannot  be  denied  that  they  are  rather  more  costly 
than  steam,  but  of  late  years  their  consumption  of  gas  per  H.F. 
has  been  much  reduced.  In  proportion  as  the  quantity  of  eas 
required  to  drive  them  is  diminished,  and  the  economy  obtained  is 
greater,  the  more  popular  and  cheaper  will  they  become.  Prac- 
tically, there  is  less  danger  of  fire  than  with  steam  boilers,  and 
thousands  of  gas  engines  are  now  used  in  places  where  steam 
could  never  be  employed. 

It  is  in  the  smaller  gas  engines  that  these  practical  advantages 
are  chiefly  felt,  but  the  theoretical  superiority  of  these  motors, 
obtained  by  the  high  temperatures  at  which  they  can  be  worked, 
applies  equally  to  engines  of  all  sizes.  But  as  soon  as  large  powers 
are  required,  and  the  gas  engine  enters  into  active  competition 
with  steam,  it  becomes  of  far  greater  importance  to  economise 
the  consumption  of  gas.  The  temperatures  and  pressures  obtained 
by  the  inflammation  and  explosion  of  gas  in  a  cylinder  are  so 
high,  that  engineers  have  not  yet  succeeded  in  utilising  them 
to  their  full  extent.  Hence,  there  is  much  waste  of  heat  and 
consequent  loss  of  pressure,  and  these  defects  in  the  working 
of  a  gas  engine  affect  injuriously  the  expenditure  of  gas.  If 
heat  be  wasted,  more  must  be  supplied,  and  more  gas  must  be 
used  to  produce  it. 

Waste  of  Heat. — In  a  steam  engine  the  main  object  should 
be  to  keep  the  cylinder  walls  as  hot  as  possible,  to  prevent  the 
condensation  of  the  steam.  The  difficulty  of  generating  steam, 
and  maintaining  its  temperature  and  pressure,  is  increased,  because 
there  is  a  change  of  physical  state  from  a  liquid  to  steam. 
With  a  gas  engine    the  reverse  process  is  necessary,  and  the 
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cylinder  walls  must  be  cooled  The  gas  is  dry,  and  the  heat 
developed  by  the  explosion  taking  place  in  the  cylinder  acts 
directly  on  the  piston.  A  considerable  amount  of  steam  is  con- 
densed in  the  pipes  of  a  steam  eni^^ine,  whereas  in  a  gas  motor 
there  is  no  similar  waste,  because  all  the  heat  is  generated  in  the 
cylinder  itself.  Nevertheless  heat  is  lost,  but  in  a  different 
way.  The  temperature  of  the  gas  at  the  moment  of  explosion 
is  relatively  high.  It  is  generally  about  2730'  F.  (1500*  C.)> 
but  this  is  not  the  highest  temperature  reached.  Whatever 
the  actual  temperature,  the  heat  is  always  too  great  to  be 
retained  ;  a  large  portion  is  sacrificed,  to  prevent  injury  and 
destruction  to  the  parts,  and  heat  is  also  carried  off  continuously 
by  the  cooling  water  round  the  cylinder.  In  the  early  double- 
acting  engines,  not  more  than  4  to  6  per  cent,  of  the  total  heat 
received  was  employed  in  doing  work,  and  more  than  half  waa 
wasted,  that  the  walls  might  be  kept  cool.  If  to  this  be  added 
the  heat  escaping  from  the  cylinder  in  the  exhaust  gases,  or 
the  products  of  combustion,  it  is  not  difficult  to  understand  how, 
formerly,  from  94  to  96  per  cent,  of  the  heat  was  dissipated. 

It  is  this  waste  of  heat  in  a  gas  motor  that  causes  the  loss 
of  pressure,  or  diminution  in  the  work  done  on  the  piston. 
With  all  gases  the  pressure  increases  with  the  rise  in  tempera- 
ture, and  therefore  the  higher  the  temperature,  the  greater  will 
be  the  pressure  produced,  or  the  expansion  of  the  gases.  If  this 
pressure  be  expended  in  doing  work,  and  acting  on  the  piston, 
the  whole  may,  if  expansion  be  continued  long  enough,  be  utilised 
in  useful  work.  But  to  obtain  this  result  with  the  pressures 
generated  in  a  gas  engine,  the  cylinder  and  piston  must  be  of 
a  certain  length,  and  the  piston  allowed  to  move  out  as  long  as 
there  is  any  expansive  force  left  in  the  gas,  to  act  upon  it.  As 
this  is  practically  impossible,  the  other  plan  is  to  diminish  the 
quantity  of  gas  admitted  into  the  cylinder.  Before  compression 
was  employed,  it  was  not  easy  to  proportion  the  supply  of  gas  and 
air  to  the  expansion,  but  now  that  high  compression  is  always  used 
in  all  modern  engines,  no  difficulties  in  this  respect  are  experienced. 

When  the  theory  of  the  gas  engine  began  to  be  really  under- 
stood, the  principal  problem  was,  how  to  obtain  sufficient 
expansion  from  the  exploded  gases.  The  test  of  efficiency  in 
any  heat  engine  is  the  proportion  between  the  total  heat 
supplied,  and  the  total  useful  work  obtained.  As  far  as  work  is 
concerned,  all  the  heat  which  is  not  employed  in  producing  it  is 
wasted.  Thus  to  be  really  efficient,  a  gas  engine  ought  to  furnish 
a  maximum  amount  of  useful  work  with  a  minimum  consumption 
of  gas.  This  is  only  possible  if  the  expansion  of  the  gases  ia 
rapid  and  prolonged.  The  greater  the  time  allowed  them  to  act 
upon  the  piston,  and  the  further  they  drive  it,  the  more  heat 
energy  will  be  expended  in  work,  and  the  less  will  be  discharged 
as  waste  into  the  atmosphere.     Expansion  should  also  be  rapid. 
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because  the  more  quickly  the  piston  uncovers  successive  portions 
of  the  cylinder  walls,  the  less  time  there  will  be  for  useful  heat 
to  be  carried  off  from  the  hot  gases  to  the  cooler  walls.  This 
important  question  of  expansion  will  be  more  fully  examinedi 
when  considering  the  theory  and  utilisation  of  heat  in  a  gas 
engine. 
The  study  of  a  gas  engine  falls  naturally  into  two  divisions  : — 

I.  The  source  of  power,  or  motive  force. 
II.  Its  mechanical  utilisation. 

I.  Sonroe  of  Power. — In  all  heat  engines  the  source  of  power 
is  heat,  and  gas  is  the  medium  or  agent  through  which  it  acts  in  a 
gas  motor.  The  gas  is  ignited,  and  the  explosive  force  thus 
generated  is  used  to  drive  forward  a  piston.  Many  different  kinds 
of  gas,  varying  in  heating  value,  are  employed,  and  the  effects 
obtained  by  ignition  and  explosion  cannot  be  determined  without  a 
knowledge  of  the  chemical  constituents  of  the  gas,  and  the  pro- 
portions in  which  they  combine  with  the  oxygen  of  the  air.  Since 
the  gas  used  in  an  engine  cylinder  does  not  contain  the  oxygen 
necessary  for  combustion,  it  can  never  be  burnt  by  itself,  but  must 
always  be  diluted  with  a  certain  quantity  of  air.  Unless  the  com- 
position of  the  gas  and  the  ratio  of  its  dilution  with  air  are  known, 
it  is  impossible  to  ascertain  the  temperatures  and  pressures  attained 
in  the  cylinder,  and  to  calculate  the  theoretical  work,  or  the  work 
it  ought  to  do.  The  study  of  gases  has  led  to  the  discovery  of  the 
law  of  dissociation,  or  the  property  they  possess,  after  they  have 
attained  a  certain  high  temperature,  of  resolving  into  their  separate 
•elements.  The  phenomena  of  ignition  in  a  cylinder  also  prove  that 
the  whole  heat  of  the  gases  is  never  developed  at  once,  whatever 
ithe  gas  used,  or  the  proportions  in  which  it  is  diluted  with  air. 
It  appears  probable  that  combustion  is  seldom  complete  and 
anstantaneous,  but  continues  during  the  forward  motion  of  the 
piston,  after  the  first  propagation  of  heat  which  causes  the  explosion. 
These  and  other  questions  connected  with  *the  phenomena  of  com- 
bustion in  a  gas  engine  are  only  mentioned  here,  and  will  be  dis- 
cussed later. 

II.  XJtiliRation  of  the  EzplOBive  Force,  Sso. — In  the  second 
part  of  the  subject  we  have  to  consider  the  mechanical  utilisation  of 
the  motive  force,  or  the  method  by  which  it  is  turned  into  rotatory 
motion.  This  includes  a  study  of  the  construction  and  parts  of  a 
gas  engine,  as  the  apparatus  used  for  the  transformation  of  heat  into 
useful  power.  There  is  this  peculiarity  in  its  structure,  that  the 
V^ylinder  contains  in  itself  furnace  and  boiler,  and  in  it  the  motive 
power  is  developed.  Before  examining  in  detail  the  various  types, 
it  will  be  well  to  explain  the  principal  parts  of  a  gas  motor,  and  its 
internal  organisation.  We  will  first  enumerate  these  parts,  and 
then  describe  the  functions  they  have  to  perform,  as  also  the 
<iifferent  operations  taking  place  in  a  gas  engine. 
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Base. — The  base  plate  oq  which  the  engine  is  fixed  and  the 
cylinder  bolted  is  of  cast  iron,  and  usually  very  solid.  In  oil 
engines  the  interior  of  the  base  plate  is  often  utilised  as  a  reservoir 
for  oil. 

Cylinder. — The  cylinder,  solidly  bolted  to  the  base,  is  either 
vertical  or  horizontal,  according  to  the  type  of  motor.  Few  gas 
engines  have  more  than  one  motor  cylinder,  working  single  acting ;. 
it  is  almost  always  open  to  the  atmosphere  at  the  crank  end,  and 
closed  only  by  the  piston.  Except  for  large  sizes  a  second  cylinder 
is  seldom  ne^ed  to  increase  the  motive  power,  sufficient  force  being 
obtained  by  the  succession  of  explosions  in  one  cylinder.  With 
higher  powers  two  or  more  single-acting  cylinders  are  usually 
employed.  As  the  great  object  in  a  gas  engine  is  to  allow  the  gasea 
to  expand  as  completely  as  possible,  it  seems  at  first  as  though  this 
end  would  be  best  attained  oy  making  the  engines  compound,  lik& 
steam  engines,  and  causing  the  gases  to  expand  successively  in 
different  cylinders.  Though  often  tried,  this  arrangement  has  not 
been  found  successful.  Sometimes  an  auxiliary  pump  is  used  for 
compressing  the  mixture,  or  a  charging  cylinder  for  receiving  and 
mixing  the  gas  and  air.  Compression  is  nearly  always  obtained  u^ 
the  motor  cylinder  itself,  and  the  motor  piston  acts  on  one  side  aa 
a  pump.  A  special  feature  of  gas  engine  cylinders  is  that^  on 
account  of  the  great  heat  developed,  they  are  always  provided  with 
some  apparatus  for  cooling  the  walls.  In  the  smsJlest  types  it  baa 
been  found  sufficient  to  make  the  outer  radiating  surfaces  of  the 
cylinder  ribbed  or  deeply  indented,  exposing  a  large  cooling  area  to- 
the  air.  In  engines  developing  above  two  or  three  horse-power,  a 
jacket  with  water  constantly  circulating  through  it  is  indispensable* 
As  one  end  of  the  cylinder  is  almost  always  open  to  the  air,  the 
cylinder  metal  is  kept  cooler,  and  over-heating  is  diminished  by^ 
contact  with  the  outer  air,  but  chiefly  by  the  water  jacket. 

Pistons. — ^The  pistons  of  gas  motors  are  very  similar  to  those  of 
steam  engines,  but  much  longer.  They  are  generally  plunger 
pistons,  and  three  or  four  sets  of  Ramsbottom  rings,  well  fitted,  are^ 
now  nearly  always  used. 

Valyes« — The  valves  of  a  gas  engine  perform  functions  different 
to,  but  not  less  important  than,  the  admission  and  exhaust  valves^ 
of  a  steam  engine.  Not  only  do  they  admit  the  gases  into  the 
cylinder  and  discharge  the  products  of  combustion,  but  they  also 
assist  a  little  in  mixing  the  gas  and  air,  and  a  special  kind,  known 
as  a  timing  valve,  causes  ignition  at  the  proper  time.  In  the  older 
types  of  engine,  as  in  the  early  Otto,  there  was  generally  one  slide 
valve  for  admitting  and  igniting  the  charge.  It  contained  ports  to 
receive  and  pass  on  the  gas  and  air  to  the  cylinder,  and  carried  a 
lighted  flame  within  a  cavity  to  kindle  the  charge,  after  it  was 
mixed  and  compressed.  In  most  modern  engines  lift  valves  alone 
are  used,  but  occasionally  the  mixture  is  admitted  to  the  cylinder 
through  cylindrical  or  piston  valves.     In  many  engines  the  valvea 
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are  worked  by  cams  on  a  side  shafb  driven  from  the  main  shaft, 
or  by  eccentrics ;  in  others  they  are  automatically  lifted  or  closed 
by  ^e  pressures  in  the  cylinder. 

Transmission  of  Energy. — As  in  a  steam  engine,  the  pressure 
of  explosion  is  generally  transmitted  direct  from  the  connecting- 
rod  tc  the  revolving  crank  shaft.  Usually  there  is  no  connecting- 
rod,  tke  piston-rod  working  direct  on  to  the  crank.  To  obtain 
greater  regularity  in  the  action  of  the  engine,  the  flywheel  is  usually 
made  larger  and  heavier  than  in  steam  engines.  Most  gas  engines 
have  only  one  explosion  per  two  revolutions,  and  the  energy  of  the 
flywheel  is  required  to  carry  the  piston  forward,  take  in  a  fresh 
charge  of  gas  and  air,  and  to  bring  it  back  to  the  dead  point  after 
explosion. 

In  all  gas  engines  five  operations  are  required  for  a  complete 
cycle — I.  Admission  and  mixture  of  the  charge  of  gas  and  air. 
IL  Ignition.  III.  Explosion.  IV.  Expansion.  Y.  Exhaust,  or 
the  £sch&rge  of  the  gases  and  products  of  combustion.  To  these 
another  has  been  added  in  most  modern*  engines — namely,  Com- 
pression.* This  cycle  of  work  corresponds  to  each  explosion,  but 
not  necessarily  to  each  revolution;  indeed,  in  many  engines  the 
number  of  revolutions  and  of  explosions  are  independent  of  each 
other.     The  nature  of  these  operations  is  as  follows  : — 

I.  Admission  of  the  Gkis  and  Air  to  the  Cylinder. — This 
was  formerly  supposed  to  be  a  complicated  process,  and  great  care 
was  taken  to  provide  separate  valves  for  admitting  the  air,  and 
conducting  the  charge  to  the  cylinder.  Experience  has  shown  that 
the  air  enters  freely  through  any  aperture,  which  is  usually  placed 
in  proximity  to  the  gas  admission  valve.  Gas,  unless  made 
specially  or.  the  spot,  is  admitted  through  a  pipe  from  any  ordinary 
gas  main.  In  the  older  engines,  admission  of  the  charge  was  made 
through  a  slide  valve,  as  already  described,  moving  to  and  fro 
between  the  slide  cover  and  the  cylinder.  The  gas  pipe  communi- 
cated with  a  passage  in  the  slide  cover,  and  a  hole  in  the  slide  valve 
leading  to  &  cavity.  As  soon  as  the  cavity  was  filled  with  gas,  the 
movement  of  the  slide  brought  it  opposite  a  similar  opening  in  the 
cylinder,  through  which  the  gas  entered.  In  later  engines  admis- 
sion is  efleoted  through  ordinary  lift  valves.  Before  entering  the 
cylinder,  tlie  gas  usually  passes  through  a  chamber  where  it  is 
thoroughly  mixed  with  its.  proper  proportion  of  air,  admitted 
through  a  separate  inlet.  Much  importance  was  attached  to  this 
process  of  mixing  before  the  use  of  compression,  and  different 
methods  were  resorted  to,  either  to  mix  the  gas  and  air,  or  to  keep 
them  in  separate  layers,  and  stratify  them  as  they  entered  the 
cylinder.  It  is  now  almost  universally  admitted  that  these 
arrangements  do  not  influence  the  explosion,  and  that  stratification 
does  not  ^ke  place  in  the  manner  supposed,  owing  to  the  oom- 

*  In  some  engines  part  of  a  stroke  is  devoted  to  cleansing  the  cylinder  of 
the  bnmt  products. 
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pressive  force  exerted  by  the  piston.  The  gvi  admission  valve  is 
usually  connected  to  the  governor,  which  regulates  the  quantity  of 
gas  entering,  and  consequently  the  number  or  strength  of  the 
explosions. 

II.  Ignition. — The  gases  being  admitted  into  the  cylinder,  the 
next  operation  is  to  fire  or  ignite  them.     In  the  early  days  cf  gas 
engine  construction  with  flame  ignition,  this  was  a  delicate  piocess, 
because  the  return  stroke  of  the  piston  exerted   a  considerable 
pressure  upon  the  charge,  and  sometimes  blew  out  the  flame     The 
difficulty  was  increased  by  the  previous  compression  of  the  (as  and 
air.     Two  methods  of  ignition  are  now  usually  employed.     1.  The 
electric  spark.     2.  A  tube   maintained  at  a  red   heat  by  a  gas 
burner.     Electricity  was  the  first  means  proposed  and  adq>ted  for 
igniting  the  gases,  and  it  is  largely  used  in  foreign  engines.     A 
current  of  electricity  passes  along  wires  placed  close  to  the  valve 
or  chamber  admitting  the  charge  of  gas  and  air,  sparks  are  continu- 
ally formed  and  fire  the  mixture.     As  the  electric  spark  is  some- 
times found  to  be  precarious  in  action,  missing  fire,  and  the  charge 
is  not  iguited,  an  electric  hammer  is  used  to  obtain  a  continuous 
stream  of  sparks.     With  flame  ignition  the  charge,  axter  being 
admitted   into  the  slide  valve  and   mixed,  was,  in  compression 
engines,  carried  past  a  flame  burning  in  a  hollow  of  the  valve. 
When  the  mixture  was  ignited  the  pressure  of  the  birning  gas 
often  put  out  the  flame,  and  it  was  then  relighted  by  an  external 
permanent  burner.   The  slide  valve  was  held  by  springs  ftigainstthe 
cvlinder,  and  worked  by  an  eccentric,  but  more  often  hf  a  cam  on 
the  auxiliary  or  counter  shaft  driven  from  the  main  shaft    Ignition 
by  a  flame  is  now  obsolete,  and  in  England   the   most  general 
method  is  by  a  hot  tube.     At  a  given  moment  the  opeiing  to  this 
tube  is  uncovered,  a  portion  of  the  charge  at  high  pressure  is 
brought  in  contact  with  it  and  fired,  and  explodes  the  remainder 
in  the  cylinder.     The  tube  is  kept  at  a  red  heat  by  a  gas  burner, 
and  is  easily  replaced  from  time  to  time  when  it  is  worn  out. 
Formerly  these  tubes  were  made  of  iron,  and  were  <'  short-lived," 
as  it  is  termed  ;  very  small  tubes  of  platinum  and  other  metals  are 
sometimes  used,  which  last  much  longer.*    In  some  of  the  older 
types  of  engines,  where  the  charge  was  admitted  at  almospherio 
pressure,  the  gas  and  air  were  drawn  in  at  one  end  of  the  cylinder 
by  the  suction  of  the  forward  stroke  of  the  piston.     Ai  a  certain 
moment  a  small  flap  valve  covering  a  flame  burning  on  the  outside 
of  the  cylinder  was  lifted  by  the  pressure,  the  flame  drawa  forward, 
and  the  mixture  thus  ignited.     Sometimes  the  piston  itielf,  in  its 
out  stroke,  is  used  to  uncover  the  gas  and  air  valves.    In  other 
engines  the  gases  are  ignited  in  a  separate  chamber ;  tlere  is  no 
explosion,  but  they  enter  the  cylinder  in  a  state  of  flame,  and  force 
the  piston  forward. 

*  Porcelain  tubes  are  alao  much  employed,  hut  are  scarcely  luitable  for 
oil  engines,  as  they  are  apt  to  crack. 
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HI.  and  rv.  Explosion  and  Expansion. — It  is  in  the  motor 
•cylinder  tliat  explosion  and  expansion  of  the  ignited  gases  almost 
always  take  place.  To  allow  room  for  the  compression  and 
ignition  of  the  charge,  the  clearance  space  is  usually  much  larger 
than  in  steam  engines,  sometimes  so  large  that  it  forms  a 
separate  chamber,  into  which  the  gas  mixture  is  compressed.  In 
the  earlier  types  of  gas  motors,  the  charge  was  drawn  in  during 
the  first  yiart  of  the  forward  stroke,  explosion  taking  p^ace  only 
when  the  piston  had  almost  reached  the  middle  of  the  cylinder. 
It  WAS  soon  found  that  this  tardy  explosion  greatly  limited  the 
number  of  expansions,  and  the  work  performed  by  the  gases  on 
the  piston.  Modern  engines  are  designed  to  procure  the  ex- 
plosion as  near  the  beginning  of  the  stroke  as  possible,  so 
as  to  allow  the  maximum  volume  of  the  cylinder  for  the  exf>an* 
sion  of  the  gases.  In  some  vertical  non-compression  engines 
the  clearance  space  is  exceedingly  small.  Explosion  of  the 
gases  takes  place  when  the  piston  is  at  the  bottom  of  its  stroke, 
free  of  the  crank  and  shaft,  and  drives  it  to  the  top  of  the 
■cylinder. 

V.  Exhaust,  or  discharge  of  the  gases. — Various  methods  are 
employed  in  gas  engines  for  getting  rid  of  the  products  of 
•combustion,  but  the  best  authorities  are  now  agreed  that  they 
should  be  expelled  from  the  cylinder  as  quickly  and  as  com- 
pletely as  possible.  Most  modern  gas  motors  being  single-acting, 
or  acting  on  one  side  of  the  piston  only,  the  exhaust  valve  is 
«eldom  opened  during  the  forward  stroke.  In  some  engines  it 
only  opens  during  half  the  return  stroke,  in  others  the  whole 
of  this  stroke  is  utilised  to  expel  the  previous  charge,  while  in 
a  few  engines  a  complete  stroke,  forward  and  return,  is  sacrificed 
to  discharge  the  products  of  combustion,  and  cleanse  the  cylinder. 
Air  under  pressure  is  admitted  to  help  the  discharge  in  some 
modem  engines.  The  exhaust  valve  plays  an  important  part  in 
a  gas  engine,  because  the  high  pressure  in  the  cylinder  is,  of  course, 
instantly  reduced  as  soon  as  it  is  opened.  Most  gas  engines  are 
-so  conRtructed  that  the  unburnt  gases  are  allowed  to  escape  at  a 
relatively  high  pressure  and  temperature,  which  are  thus  wasted, 
instead  of  being  utilised.  This  is  one  of  the  defects  of  these 
motors  which  engineers  should  be  most  anxious  to  remedy.  In 
•some  of  the  older  vertical  engines  the  piston  was  forced  up 
by  the  explosion  and  driven  down  by  atmospheric  pressure,  a 
partial  vacuum  being  formed  below  by  the  cooling  of  the  gases. 
The  opening  of  the  exhaust  valve  at  the  bottom  of  the  cylinder, 
by  causing  the  air  to  enter,  equalised  the  pressure  above 
.and  below  the  piston,  and  checked  its  descent  In  these  earlier 
motors  the  exhaust  was  usually  connected  to  the  admission 
:and  ignition  valves,  and  one  slide  valve  was  made,  during  its 
motion  to  and  fro,  to  uncover  the  three  different  openings. 
In  others,  and  generally  in  the  modern  horizontal  engines,  the 
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exhaust  is  under  the  cylinder,  distinct  from  the  admission  valvesy. 
but  worked  from  the  same  side  shaft. 

Compression  of  the  charge. — To  compress  the  gas  and  air 
before  ignition  in  an  engine  cylinder  is  necessary  for  economy. 
This  is  the  most  important  modern  improvement  introduced  into- 
the  cycle.  As  compared  with  the  other  operations,  compression 
has  certainly  the  greatest  influence  on  the  lower  consumption, 
of  gas,  and  on  the  economical  working  of  the  engine.  It  is 
effected  in  the  following  way  : — A  certain  quantity  of  gas  and 
air,  in  definite  proportions,  is  admitted  into  the  cylinder.  Instead 
of  being  immediately  ignited  the  mixture  is  compressed,  and  its- 
pressure  raised — that  is,  the  volume  of  gas  and  air  is  forced  into 
a  much  smaller  space  than  before,  by  the  return  stroke  of  the 
motor  piston.  If,  for  example,  the  charge  occupied  a  space  of  5 
cubic  feet,  it  is  driven  back  by  the  piston  till  it  occupies  only,  say^ 
1  cubic  foot^  or  one-fifbh  the  previous  space,  and  the  pressure  is- 
raised  five  fold.  The  method  usually  adopted  is  to  allow  the 
piston  to  move  out,  and  take  in  gas  and  air  behind  it  till  the 
whole  cylinder  is  filled;  the  piston  then  returns,  all  the  valves 
and  ports  being  closed,  and  the  mixture  is  driven  into  the  clearance 
space  and  compressed.  The  advantages  of  this  process  are,  that 
the  particles  of  gas  and  air  are  forced  much  more  closely  together, 
and  when  they  are  ignited,  their  power  of  expansion  has  been  found 
by  experiment  to  be  much  greater.  Nor  do  they  part  with  their* 
heat  so  quickly,  being  confined  in  a  smaller  space.  Writers  on 
the  gas  engine  are  unanimously  of  opinion  that  compression^ 
previous  to  ignition,  is  the  one  great  source  of  economy  in  gas- 
motors,  and  this  is  confirmed  by  experiments.  In  the  older  non- 
compressing  gas  engines,  it  was  always  difficult  to  raise  the 
pressure  of  the  gases  high  enough  to  obtain  much  work  on  the* 
piston.  In  modern  compression  engines,  on  the  contrary,  the 
expansive  force  of  the  gases  is  greater  than  can  be  properly 
utilised. 

The  advantages  of  compression  are — (1)  The  smalUr  size  of 
cylinder  requir^i.  In  the  early  engines,  to  obtain  an  effective 
working  pressure,  the  cylinders  were  made  large,  and  as  much 
gas  and  air  as  possible  admitted  at  a  time,  and  even  then  the- 
presBure  was  often  very  low.  But  with  engines  using  compres- 
sion, since  the  same  charge  occupies  a  smaller  space,  the  cylinder 
can  be  made  smaller.  (2)  Greater  certainty  and  rapidity  of^ 
explosion,  because  the  particles  of  gas,  being  forced  closer 
together,  and  their  temperature  raised  by  compression,  ignition 
proceeds  more  rapidly,  and  a  more  vigorous  explosion  is  obtained. 
The  flame  is  easily  and  surely  transmitted,  permeates  the  whole 
mass  almost  instantaneously,  and  the  entire  force  of  the  explosion 
is  developed.  (3)  Greater  economy  of  gas,  because,  inflammation 
being  certain,  a  poorer  quality  of  gas  can  be  used.  Not  only 
may  the  quantity  be  smaller  in  proportion  to  air,  but  the  weaker 
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charge,  if  compressed,  will  still  explode,  even  when  further  diluted 
with  the  products  of  former  combustion.  (4)  ^4  tmaller  cylinder  %$ 
required  for  the  same  potver.  (See  Chapters  xv.  and  xvi.,  where 
this  subject  is  fully  treated.) 

Compression  is  carried  out  in  two  ways.  As  a  rule,  the  engine 
has  a  single  motor  cylinder,  in  which  it  takes  place,  two  strokes, 
forward  and  return,  being  generally  sacrificed  to  obtain  it.  If 
a  pump  is  added,  the  charge  is  compressed  by  it;  every  stroke 
of  the  motor  piston  is  then  a  working  stroke,  and  the  flywheel 
obtains  an  impulse  at  every  revolution.  The  pump  Ib  worked 
from  the  crank  shaft,  and  the  six  operations  are  divided  between 
it  and  the  motor  cylinder  The  pump  piston  admits  and  compressea 
the  charge,  which  is  then  exploded  and  expanded,  and  the  products 
of  combustion  driven  out  from  the  motor  cylinder.  The  two  pistons 
work  more  or  less  simultaneously,  and  the  forward  stroke  of  the 
pump  draws  in  the  fresh  mixture,  during  expansion  of  the  charge 
in  the  motor  cylinder.  In  other  engines  the  pump  is  worked  from 
a  separate  crank,  set  slightly  in  advance  of  the  main  crank.  This 
cycle  of  operations  is  good,  but  its  advantages  are  counterbalanced 
by  the  additional  power  required  to  drive  the  pump.  Occasionally 
the  gas  and  air  are  compressed  into  a  separate  receiver,  and  in  a  few 
engines  the  front  part  of  the  motor  piston  takes  the  place  of  the 
pump,  and  compresses  the  charge. 

Oiling,  &c. — Lubrication,  starting,  and  regulation  of  the  speed 
in  a  gas  engine,  each  require  a  few  words  of  explanation.  Oiling 
the  piston  is  a  matter  of  much  importance,  and  must  be  carefully 
performed.  The  high  speeds  and  temperatures  at  which  gas  motora 
work  necessitate  a  continuous  and  skilful  use  of  good  mineral  oil. 
In  steam  engines  there  is  generally  a  certain  amount  of  water,  but 
the  flames  of  a  gas  engine  dry  the  internal  surfaces,  and  unless  oil 
is  continuously  applied,  the  cylinder  soon  becomes  hot  and  begina 
to  sufier.  Hence  the  importance  of  internal  lubrication  in  all  gas 
engines.  They  are  usually  fitted  with  a  special  apparatus  for  oiling 
the  various  parts  automatically. 

Small  gas  engines  can  be  quickly  started,  but  with  larger  powers- 
the  process  is  not  always  easy.  The  engine  should  be  at  work  in  a 
few  minutes,  and  the  inertia  of  the  working  parts  has  to  be  over- 
come. All  the  larger  motors  are  provided  with  special  means  of 
starting,  such  as  a  receiver,  into  which  a  reserve  charge  is  com- 
pressed, or  a  handle  or  cam  acting  upon  the  exhaust  valve  to  keep 
it  open,  thus  reducing  the  pressure  in  the  cylinder.  Sometimes  a. 
small  auxiliary  gas  engine  is  used. 

Begulation  of  Speed. — To  regulate  the  speed  of  an  engine  is 
rather  a  complicated  process,  and  is  efiected  in  a  variety  of  ways.. 
Many  diflerent  kinds  of  governors  are  used,  though  the  majority 
are  constructed  on  the  principle  of  a  weight  acting  by  centrifugal 
force.  A  common  type  is  the  ball  governor,  but  pendulum  and 
inertia  governors  are  also  employed,  while  many  are  made  with 


12  OAS   BKOINE8. 

weighted  arms  or  levers.  The  governor  is  generally  in  connection 
with  the  gas  valve,  but  sometimes  with  the  exhaust,  or  with  the 
valve  for  admitting  the  charge.  The  following  are  the  usual 
methods  of  governing : — 

1.  By  regulating  the  opening,  more  or  less,  of  the  gas  admission 
valve. 

2.  By  completely  cutting  off  the  supply  of  gas  during  a  certain 
number  of  strokes. 

3.  By  admitting  more  or  less  of  the  explosive  charge  at  a  time. 

4.  By  acting  on  the  exhaust  valve  and  holding  it  open. 
Sometimes  two  or  more  methods  are  used  with  the  same  engine, 

according  to  the  greater  or  less  fluctuations  in  the  speed.  To  vary 
the  quantity  of  gas  within  certain  limits  is  an  effectual  check.  But 
if  a  smaller  quantity  be  admitted  than  will  ignite  when  mixed  with 
air,  a  certain  amount  of  unburned  gas  passes  through  the  cylinder, 
and  into  the  exhaust.  The  speed  is  reduced  because  there  is  no 
explosion,  but  the  gas  is  wasted.  To  reduce  the  total  amount  of 
the  charge  admitted  may  have  a  similar  result,  and  give  a  weak 
stroke.  In  some  modern  engines  the  governor  acts  upon  the  gas 
valve  to  out  off  the  supply  entirely  for  a  time,  when  the  speed  is  too 
high.     Air  alone  being  admitted,  there  is  no  explosion. 

Modern  engines  are  usually  governed  on  the  "  hit-or-miss  "  prin- 
ciple, or  by  cutting  off  the  charge,  except  precision  engines  for 
driving  dynamos,  in  which  misses  are  not  allowable  Sometimes  in 
these  the  gas  valve  is  so  connected  to  the  governor  that  a  rich 
mixture  enters  if  much  power  is  required,  and  a  poor  mixture  for 
small  powers,  or  when  running  empty.  However  poor  the  charge, 
ignition  when  effected  by  hot  tube  or  electricity  is  practically 
certain.  Sometimes  the  governor  acts  on  the  gas  and  admission 
valves,  and  closes  them  at  varying  periods  of  the  stroke,  so  that  the 
quality  of  the  charge  is  always  the  same,  but  its  quantity  varies, 
like  the  cut-off  of  a  steam  engine.  This  method  is  said  to  give 
longer  expansion  in  proportion  to  admission,  and  therefore  a  better 
heat  utilisation.  For  the  maximum  power  and  best  indicator 
diagrams  an  engine  should  work  at  full  load  and  the  highest  com- 
pression, because  with  a  smaller  charge  compression  will  be  less,  the 
size  of  the  compression  space  being  always  the  same.  Engines  so 
governed  do  not  consume  less  gas  or  oil  than  others.  Their  allow- 
able variations  of  speed  are  very  small,  and  the  governor  must  be 
delicately  adjusted.  In  governing  on  the  **  hit-or-miss  "  principle 
the  admission  valve  closes  above  a  certain  speed,  below  this  speed 
it  remains  open.  ' 

The  tendency  in  modem  gas  motors  is  to  simplify  construction^ 
And  reduce  the  number  of  parts.  Where  only  two  lift  valves  are 
employed,  one  for  admission,  the  other  for  discharge  of  the  gases, 
the  governor  is  usually  connected  to  the  latter.  Under  normal 
conditions  of  speed  the  suction  of  the  forward  stroke  lifts  the 
admission  valve,  and  allows  the  charge  to  enter.     This  valve  closes 
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M  soon  as  compression  begins,  during  the  return  stroke,  and 
remains  closed  as  long  as  the  pressure  in  the  cylinder  is  greater 
than  that  of  the  atmosphere.  The  opening  of  the  exhaust  valve 
reduces  the  pressure,  and  when  the  gases  are  all  discharged  the 
automatic  admission  valve  rises,  and  a  fresh  charge  is  admitted.  If 
the  speed  be  too  great  the  governor  acts  upon  the  exhaust  valve,, 
keeping  it  open.  As  no  vacuum  is  formed  in  the  cylinder  during 
the  return  stroke,  the  admission  valve  remains  closed,  and  no  fresh 
charge  can  enter  until  the  governor  has  released  the  exhaust.  In 
oil  engines  in  which  the  charge  is  admitted  through  an  automatic 
lift  vidve,  the  action  of  the  governor  on  the  exhaust  is  generally 
sufficient  to  prevent  any  fresh  mixture  reaching  the  cylinder.  Ta 
cut  off  entirely  the  admission  of  oil  is  an  undesirable  method, 
because  the  cylinder  and  vaporiser  rapidly  become  too  cool  to  work 
efficiently.  It  must  be  borne  in  mind  that  in  both  gas  and  oil 
engines  the  governor  can  act  only  by  reducing,  never  by  accelerating,, 
the  speed. 


CHAPTER     II. 

HEAT  ''CYCLES"  AND  CLASSIFICATION  OF  GAS 
ENGINES. 

Contents. — Theoretical  Cycle — Heat  Efficiency — Classification  of  Gas  Engines 

by  Types. 

Theoretical  Cycle. — The  word  "  cycle,"  derived  from  the  Greek, 
has  the  same  signification  as  circle.  As  applied  to  mechanical 
motors  it  denotes  a  series  of  operations,  at  the  end  of  which  the 
working  agent  returns  to  its  original  condition,  as  at  starting.  The 
celebrated  French  engineer,  Sadi  Camot,  was  the  first  to  use  the 
word  in  this  sense,  and  for  convenience  it  has  been  retained. 
Engineers  have  agreed  to  designate  as  a  "  cycle "  the  successive 
operations  taking  place  in  a  heat  motor,  though  these  can  never 
form  what  is  termed  a  perfect  or  closed  cycle.  In  every  heat  motor 
the  same  phenomena  are  repeated  each  time  the  gas,  steam,  or  other 
working  agent  is  introduced  into  the  cylinder.  In  this  sense, 
therefore,  a  given  cycle  of  operations  is  periodically  performed  in 
these  engines.  The  heat  generated  passes  into  the  engine  cylinder 
to  perform  the  work.  That  portion  of  heat  which  has  not  been 
utilised  in  the  engine  is  transferred  to  a  source  of  cold,  and  the 
difference  between  these  two  sources  (of  heat  and  cold)  represents 
theoretically  the   heat  expended  in  work.      A  working  agent  is 
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necessary,  to  which  the  heat  mast  be  imparted,  and  from  which  it 
is  withdrawn. 

The  theoretical  cycle  imagined  by  Carnot,  and  called  after  him, 
was  a  perfect  cycle — that  is,  the  heat  generated  was  employed  solely 
in  doing  work,  and  none  was  wasted.  The  medium  or  *'  power 
Agent,"  steam,  gas,  <&c.,  was  expanded,  a  piston  was  propelled,  a 
given  amount  of  work  performed,  and  a  given  quantity  of  heat 
transformed  into  energy  to  produce  this  work.  As  the  piston 
returned,  it  compressed  the  agent,  restoring  by  compression  all  the 
heat  that  had  been  expended  in  work.  A  perfect  cycle  was  realised, 
since  the  whole  heat  was  thus  returned  to  its  source,  and  the  work- 
ing agent  to  its  original  condition.  In  practice  a  perfect  cycle  is 
impossible.  Whatever  the  agent  employed,  it  can  never  really 
return  to  its  original  condition,  and  all  the  heat  be  refunded, 
because  a  considerable  quantity  ia  irrecoverably  lost.  Much  heat 
will  escape  through  the  cylinder  walls ;  some  will  be  wasted  owing 
to  imperfect  expansion,  passing  out  into  the  exhaust,  and  some  will 
be  expended  in  the  friction  of  the  engine.  The  more  nearly,  how- 
ever, an  engine  approximates  to  the  condition  of  a  perfect  cycle,  and 
the  more  heat  is  expended  in  work  on  the  piston,  the  greater  will 
be  the  efficiency  of  the  engine,  and  the  higher  the  proportion 
between  the  useful  work  performed,  and  the  heat  received. 

Heat  Efficiency. — It  has  been  shown  that  the  higher  the 
temperature  of  the  mixture  of  gas  and  air  produced  by  combus- 
tion in  the  cylinder,  the  greater  the  pressure,  and,  therefore,  the 
greater  should  be  the  force  exerted  on  the  piston.  On  the  other 
hand,  the  lower  the  temperature  of  the  discharged  gases,  the  more 
heat  will  be  expended  theoretically  in  work.  The  heat  efficiency  is 
the  ratio  of  heat  turned  into  work  to  the  total  heat  received  by  the 
engine.  In  practice  this  efficiency  is  always  affected  by  waste  of 
heat  through  various  circumstances.  Nevertheless,  it  is  necessary 
to  expand  the  gases  as  much  as  possible,  because  it  is  only  by  com- 
plete expansion  that  all  the  available  heat  can  be  utilised  in  doing 
work.  If  the  gase^  are  compressed  by  the  return  stroke  of  the 
piston,  this  heat  will,  theoretically,  be  refunded.  Such  a  cycle  of 
operations  can,  of  course,  be  only  obtained  in  theory,  but  in  any 
case  the  more  complete  the  expansion,  the  more  the  temperature 
and  pressure  of  the  gases  discharged  into  the  exhaust  will  be 
reduced.  Less  heat  will  be  carried  over  from  the  cylinder,  and 
more  will  remain  to  be  utilised  in  it.  Hence  it  is  of  the  utmost 
importance  to  obtain  as  perfect  a  working  cycle  in  a  gas  engine  as 
possible. 

Types  of  Engines. — Different  authors  have  adopted  different 
methods  of  classifying  the  various  types  of  gas  engines.  An  obvious, 
but  not  very  satisfactory,  way  is  to  divide  them  into  horizontal  and 
vertical.  As  a  rule,  engines  for  large  powers  are  horizonal,  and  for 
small  powers  vertical ;  but  in  England  almost  all  sizes  are  made 
.horizontal.      There  is  said  to  be  less  vibration  than  in  vertical 
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engines,  and  greater  power  is  obtained  for  a  cylinder  of  the  same 
size,  but  many  foreign  makers  are  of  opinion  that  the  advantages  of 
vertical  engines  ontweigh  their  defects. 

A  more  logical  classification  of  gas  motors,  based  on  their 
internal  working,  is  to  divide  them  into  engines  drawing  in  the 
charge  of  gas  and  air  at  atmospheric  pressure,  and  engines  com- 
pressing the  charge  before  ignition.  This  is  the  classification 
employed  by  the  best  authorities,  and  here  adopted.  In  this  way 
we  get : — 

m         /      ^'  ^on-compressing  engines  ;  and 
^^     \    II.  Compressing  engines. 

Each  of  these  types  may  be  subdivided  into  classes  a  and  b. 

Type  I.,  Class  a,  includes  non-compressing  motors  drawing  in  and 
igniting  the  charge  at  atmospheric  pressure.  The  force  of  the 
explosion  drives  the  piston  forward,  and  the  return  stroke  expels 
the  products  df  combustion.  This  type  of  engine  is  also  made 
double-acting,  giving  an  explosion  or  motor  impulse  per  stroke  on 
each  side  of  the  piston,  and  all  the  operations  of  admission, 
ignition,  and  expansion  are  effected  while  the  piston  moves  once 
out  and  back  again.  The  gases  are  discharged  at  the  end  of  the 
stroke.  These  double-acting  engines  are  not  much  used ;  the 
•  original  Lenoir  is  the  best  example  of  the  type. 

Type  I.,  Clcus  6,  also  represents  engines,  chiefly  vertical,  which 
draw  in  and  ignite  the  charge  at  atmospheric  pressure.  The  piston 
is  forced  up  from  the  bottom  of  the  cylinder,  and  performs  no  work, 
not  being  connected  to  the  crank.  In  the  return  stroke  it  is  locked 
to  the  crank  shaft,  and  descends  only  by  the  force  of  atmospheric 
pressure.  This  is  the  motor  or  working  stroke.  In  a  certain  sense 
this  class  of  engine  is  also  double-acting,  like  Glass  a,  the  piston 
receiving  two  impulses  per  revolution ;  the  first  from  the  explosion 
of  the  gas  below,  the  second  from  the  pressure  of  the  atmosphere 
above.  The  best  representative  of  this  type  is  the  Otto  and 
Langen  engine.  In  one  variety,  the  Bisschop,  the  piston  is  driven 
up  with  great  force,  but  is  permanently  connected  to  the  motor 
shaft,  instead  of  being  free  during  its  ascent.  Both  these  classes, 
a  and  6,  of  Type  I.,  are  now  nearly  obsolete. 

Type  II.  comprises  all  engines  using  compression,  and  like  the 
first  type  is  divided  into  two  classes.  In  Close  a  the  whole  cycle  of 
worky  including  compression,  takes  place  in  the  motor  cylinder 
itself,  and  in  order  to  effect  the  various  operations  in  one  cylinder, 
it  is  necessary  to  sacrifice  one  complete  stroke.  Compression  is 
obtained  at  the  expense  of  power,  and  the  piston  moves  twice  back- 
wards and  forwards  for  every  explosion  or  motor  impulse  given  to 
the  crank  shaft.  The  well-known  Otto  engine  is  a  typical  example. 
At  least  three-fourths  of  all  gas  engines,  and  all  oil  engines  now 
made,  belong  to  this  type. 

In  Type  II.,  Class  6,  there  is  the  same  cycle  of  operations  as  in 
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Class  a,  but  instead  of  sacrificing  a  stroke  of  tbe  motor  piston,  a 
special  auxiliary  cylinder  is  added.  Admission  of  the  charge  in  the 
pump,  and  expansion  in  the  motor  cylinder,  are  effected  simul- 
taneously ;  the  return  stroke  in  the  pump  compresses  the  charge^ 
w^hile  the  motor  piston  diives  out  the  products  of  combustion,  as  in 
the  Clerk  engine. 

There  are  very  few  engines  which  do  not  belong  to  either  of  these 
types.  These  are  chiefly  six-cycle  engines,  where  the  operations- 
are  similar  to  those  described  in  Typ^  II.,  CIclub  a,  but  a  third  com- 
plete stroke  is  added,  in  order  to  cleanse  the  cylinder  thoroughly 
of  the  products  of  previous  combustion  by  what  is  call^  a 
"  scavenger  "  charge  of  pure  air.  To  avoid  the  difficulty  of  having 
only  one  motor  stroke  in  six,  these  engines  are  sometimes  made 
double-acting — that  is,  an  explosion  takes  place  alternately  at 
either  end  of  tbe  cylinder  at  every  third  stroke.  Thus  there  are 
two  impulses  for  every  three  revolutions,  as  in  the  Griffin  engine. 
The  action  of  these  different  types  will  be  fully  explained  later  on. 

It  must  be  remembered  that,  in  describing  the  to  and  fro  motion 
of  the  piston  of  an  engine,  and  its  action  on  the  crank,  there  are 
always  two  strokes,  the  forward  or  motor  stroke,  and  the  return  or 
exhaust  stroke.  The  forward  or  up  stroke  is  towards  the  crank, 
the  return  or  down  stroke  is  away  from  the  crank.  The  position 
of  the  piston  corresponding  to  the  outer  dead  point  is  when  it  is 
nearest  to  the  crank  shaft,  and  that  corresponding  to  the  inner 
dead  point  when  it  is  farthest  away  from  the  crank.  These  terms 
will  be  used  in  this  work. 

The  following  table  exhibits  the  different  types  and  their  cycles. 
The  engines  are  assumed  to  be  horizontal  except  when  otherwise 
mentioned  : — 

Type  I.— Non-eompressing. 

Cycle  of  opermtioni. 
Class  a.  /  1.  Forward  or  motor  stroke — admis- 

One  explosion  per  revolution  —  one  J  sion  of  charffe  of  gas  and  air  ; 

cylinaer.  ]  ignition,  explosion,  expansion. 

(Example,  Lenoir.)  \2,  Return  stroke —discharge  of  gases. 

^,       1  /     ^-    1      1  \  (       Up  stroke — admission  of  eas  and 

Class  b  (vertical  only).  ^^.^    ^     .^.       explosion,  expan- 

One  explosion  per   revolution — one  ^  ^j^^    ®  »      r  »       r— 

cylinder.  i  2.  Down  or  motor  stroke— disohargo 

(Example,  Atmosphenc  engine.)        (^  ^^    ^^^  "~»'' 


Class  a. 
One  explosion  per  two  revolutions — 
one  cylinder. 

(Example,  Otto.) 
(Called  the  Otto  cycle,  or  four-cycle.) 


Type  IL— Compressing. 

Cycle  of  operations, 

1.  Forward  stroke — admission  of  gas 
and  air. 

2.  Return  stroke — compression. 

3.  Forward  or  motor  stroke — ignition, 
explosion,  expansion. 

4.  Return  stroke— -discharge  of  gaaea» 
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Clasab. 

One   cylinder   and   one   pump— one  ^ 
explosion  per  revolution. 
(Example,  Clerk.) 


f  1.  Forward  or  moior  stroke  —  in 
cylinder  —  ignition,  explosion, 
expansion ;  in  pump — aclmission 
of  gas  and  air. 
Return  stroke — in  cylinder^nlia- 
charge  of  gases ;  in  pump— com- 
pression. 


The  following  classification  has  boon  adopted  by  Mr.  Roots  :— 
Class  I.— Non-eompresslon  Engines  (two  types). 

Type  1.     Power  developed  directly  by  explosion. 
„    2.  „  „         indirectly  by  atmoepheric  pressure. 

Class  II. —Compression  Engines  (seven  types). 

l^rpe  3.  One  revolution.     With  the  aid  of  separate  pumping  piston. 
„    4.        ,,  „  Use  of  opposite  face  of  working  piston  as  pump. 

„    5.        „  „  Without  a  pump. 

„    6.  Two  revolutions.     Ordinary  Beau  de  Rochas  cycle. 
„    7.        „  ,,  Modified  B.  de  R.  cycle,  reducing  the  charge 

fired  to  increase  expansion. 

,,    8.  Three  revolutions. 

„     9.  Compound  engines  (Expansion  in  two  cylinders). 

Class  III.— Continuous  Combustion  Engine  (one  type). 
„    10. 

This  classification,  illustrated  by  numerous  drawings  and 
descriptions  of  engines,  is  fully  described  in  Mr.  Roots'  book, 
CyeUs  of  Oa»  and  Oil  Engines.  It  is  an  exhaustive  list,  and 
under  one  or  other  of  these  ten  types  every  internal  combustion 
engine  hitherto  produced  may  be  classed.  For  a  student  it  is, 
perhaps,  somewhat  complicated,  and  the  fundamental  division  into 
compressing  and  non-compressing  engines  adopted  above  is  more 
easily  remembered.  The  author's  classification,  however,  scarcely 
represents  modem  gas  engine  work,  as,  practically,  only  com< 
pression  engines  are  now  made. 
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CHAPTER  III. 
HISTORY  OF  THE  GAS  ENGINE. 

Contents. — Early  Combustion  Engines — Hauiefeuille— Huyghens — Papin — 
Barber—  Street—  Lebon — Brown— Wright— Bamett— Kake — Baraanti 
and  Matteucci — Lenoir— Hugon — Schmidt — Beau  de  Rochas  Patent. 

Early  CombuBtion  Engines. — The  earliest  attempts  to  obtain 
motive  power  from  heat  were  made  by  igniting  inflammable 
powder,  and  utilising  the  force  of  the  explosion  thus  generated. 
As  a  source  of  energy,  this  combustible  powder  was  the  first 
agent  used;  it  preceded  the  production  of  coal  gas,  or  steam. 
Strictly  speaking,  cannons  are  the  oldest  heat  motors,  and  ihe 
principles  on  which  they  are  constructed  are  identical  with  those 
of  internal  combustion  engines.  Heat  is  applied  to  explosive 
powder,  and  the  combustion  and  expansion  of  the  powder  fur- 
nishes the  motive  force  to  propel  a  ball  forward.  In  modern  heat 
engines  a  piston  takes  the  place  of  the  ball.  In  the  early  days 
of  mechanical  science,  the  energy  shown  in  the  projection  of  a 
cannon  ball  seemed  to  afford  a  simple  solution  of  the  problem 
how  to  obtain  power  and  motion  by  heat.  But  the  power  pro- 
duced by  exploding  powder  in  a  cannon  could  not  be  used  for 
practical  work,  because  it  was  not  generated  continuously  and 
regularly.  To  apply  the  expansive  force  of  the  gases  given  oflT 
during  combustion,  the  combustible  was  exploded  in  a  closed 
vessel,  and  made  to  act  upon  a  piston.  These  early  combustion 
engines  were  the  forerunners  of  modern  gas  motors,  in  which 
the  power  is  also  obtained  by  explosion.  But  though  they  were 
introduced  nearly  a  hundred  years  before  the  first  steam  engine, 
they  were  soon  abandoned,  because  it  was  found  impossible  to 
control  the  power  generated.  Steam  was  easier  and  safer  to  work 
with,  and,  for  more  than  a  century,  explosive  engines  were  wholly 
relinquished. 

Hautefeuille. — The  first  to  propose  the  use  of  explosive  powder 
to  obtain  power  was  the  Abb6  Hautefeuille,  the  son  of  a  baker  at 
Orleans.  To  him  belongs  the  honour  of  designing,  not  only 
the  first  engine  worthy  of  the  name,  but  the  first  machine  using 
heat  as  a  motive  force,  and  capable  of  producing  a  definite  quantity 
of  continuous  work.  As  such,  he  may  be  considered  one  of  the 
originators  of  heat  motors.  In  1678  he  suggested  the  constructioii 
of  a  powder  motor  to  raise  water.  The  powder  was  burnt  in  & 
vessel  communicating  with  a  reservoir  of  water.  As  the  gases 
cooled  afber  combustion  a  partial  vacuum  was  formed,  and  the 
water    was   raised  by  atmospheric    pressure   from  the  reservoir. 
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Another  machine  described  by  him  in  1682  was  baaed  on  the 
principle  of  the  circulation  of  the  blood,  produced  by  the  alternate 
expansion  and  contraction  of  the  heart.  Here  the  water  was 
raised  by  the  direct  expansive  action  of  the  combustible  gases 
given  ofir  by  the  powder  when  ignited.  This  was  the  first  instance 
of  a  direct-acting  engine,  but  no  machine  could  be  made  strong  enough 
to  resist  the  spasmodic  expansion  of  powder,  as  here  proposed. 

HnyghenSy  PapixL — Hautefeuille  does  not  seem  to  have 
actually  constructeid  the  machines  he  designed ;  but  Huyghens, 
who  was  the  first,  in  1680,  to  employ  a  cylinder  and  piston,  con- 
structed a  working  engine,  and  exhibited  it  to  Colbert,  the  fVench 
Minister  of  Finance.  The  powder  in  this  motor  was  ignited  in 
a  little  receptacle  screwed  on  to  the  bottom  of  a  cylinder.  The 
latter  was  immediately  filled  with  flame,  and  the  air  in  it  was 
driven  out  through  leather  tubes,  which  by  their  expansion  acted 
for  the  moment  as  valves.  The  piston  was  forced  by  the  pressure 
of  the  atmosphere  into  the  vacuum  thus  formed  This  is  the 
action  shown  in  modern  atmospheric  gas  engines,  but  Huyghens 
found  a  difficulty  in  getting  his  valves  to  act  properly,  and  in 
1690  an  endeavour  was  made  by  Papin  to  improve  upon  his 
principle.  By  providing  the  valves  with  hydraulic  joints,  Papin 
contrived  to  make  them  tighter,  and  to  obtain  a  better  vacuum, 
but  he  found  that,  in  spite  of  all  his  efforts,  a  fifth  part  of  the  air 
still  remained  in  the  cylinder,  and  checked  the  free  descent  of  the 
piston.  After  various  attempts  to  overcome  this  difficulty, 
he  abandoned  the  use  of  explosive  powder,  and  devoted  his  atten- 
tion to  steam. 

Barber. — ^For  more  than  100  years  after  these  early  attempts, 
all  the  efforts  of  scientific  men  and  inventors  were  directed  to 
the  study  of  steam,  and  its  applications  to  produce  power.  For 
the  time  there  was  no  other  known  agent  that  could  compete 
with  it.  Gas  extracted  from  coal  had  not  yet  been  applied  as  a 
motive  force  in  engines,  and  experience  had  shown  that  explosive 
powders  were  too  dangerous,  and  too  intermittent  in  their  action, 
to  be  used  with  safety.  The  first  to  design  and  construct  an 
actual  gas  engine  was  John  Barber,  who  took  out  a  patent  (No. 
1833)  in  1791.  Various  circumstances  contributed  to  the  success 
of  his  invention.  The  steam  engine  already  occupied  an  im- 
portant position  in  mechanical  science,  thanks  to  the  genius  of 
Watt,  Newcomen,  Smeaton,  and  others.  Workmen  had  by  this 
time  been  trained,  able  to  turn  out  and  adjust  with  fair  precision 
the  different  parts  of  an  engine,  though  good  tools  were  still 
hardly  to  be  obtained.  The  distillation  of  gas  from  coal  had 
already  been  discovered  by  Dr.  Watson,  though  it  was  not  till 
1792  that  Murdoch,  a  Cornish  engineer,*  applied  it  to  practical 

*  The  first  practical  application  of  gas  to  lighting  purposes  was  in  1798  at 
the  Boulton  and  Watt  ooho  Factory  near  Birmingham,  where  Murdoch  was 
then  employed. 
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use.  Barber  made  the  gas  required  for  his  engine  from  wood,, 
ooal,  oil,  or  other  substances,  heated  in  a  retort,  from  whence  the 
gases  obtained  were  conveyed  into  a  receiver  and  cooled.  A 
pump  next  forced  them,  mixed  in  proper  proportion  with  atmo- 
spheric air,  into  a  vessel  termed  the  "Exploder/*  Here  thej 
were  ignited,  and  the  mixture  issued  out  in  a  continuous  stream 
of  flame  against  the  vanes  of  a  paddle  wheel,  driving  them  round 
with  great  force.  Water  was  also  injected  into  the  explosive* 
mixture  to  cool  the  mouth  of  the  vessel  and,  by  producing 
steam,  to  increase  the  volume  of  the  charge.  Barber's  engine 
exhibits  in  an  elementary  form  the  principle  of  what  is  now 
known  as  combustion  at  constant  pressure,  but  it  had  neither 
piston  nor  cylinder. 

Street. — The  next  engine,  invented  by  Robert  Street,  and  for 
which  he  took  out  a  patent  (No.  1983)  May  7th,  1794,  was  a  great 
step  in  advance.  Inflammable  gas  was  exploded  in  a  cylinder  and 
drove  up  a  piston  by  its  expansion,  thus  affording  the  first  example 
of  a  practical  internal  combustion  engine.  The  gas  was  obtained 
by  sprinkling  spirits  of  turpentine  or  petroleum  at  the  bottom 
of  a  cylinder,  and  evaporating  them  by  a  fire  beneath.  The  up 
stroke  of  the  piston  admitted  a  certain  quantity  of  air,  whicL 
mixed  with  the  inflammable  vapour.  Flame  was  next  sucked  in 
from  a  light  outside  the  cylinder,  through  a  valve  uncovered  by 
the  piston,  and  the  mixture  of  gas  and  air  ignited.  The  ex- 
plosion drove  up  the  piston,  and  forced  down  the  piston  of  a  pump 
for  raising  water.  In  this  engine  many  modem  ideas  were  fore- 
shadowed,  especially  the  ignition  by  external  flame,  and  the 
admission  of  air  by  the  suction  of  the  piston  during  the  up  stroke,, 
but  the  mechanical  details  were  crude  and  imperfect. 

Ijebon.  — A  great  improvement  in  the  practical  application  of  gaa 
engines  was  made  by  Philippe  Lebon,  a  French  engineer,  wha 
obtained  a  patent,  Sept.  28,  1799,  and  a  second  in  1801.  The  first 
was  more  particularly  intended  to  describe  the  production  of 
lighting  gas  from  coal ;  in  the  latter  he  proposed  to  utilise  this  gas 
to  drive  a  piston  in  an  engine  very  similar  to  that  designed  by 
Lenoir,  sixty  years  later.  The  inflammable  gas  and  "  sufficient  air 
to  make  it  ignite  "  were  introduced  separately  into  the  cylinder  on 
both  sides  of  the  piston,  and  the  inventor  proposed  to  fire  the 
mixture  by  an  electric  spark.  The  machine  was  double  acting,  and 
the  explosions  of  gas  took  place  alternately  on  each  side  of  the 
piston.  The  most  striking  peculiarity  of  the  engine  was  the  piston- 
rod,  working  not  only  the  motor  shaft,  but  through  it  two  pumps, 
in  which  the  gas  and  air  were  compressed,  before  they  entered  the 
motor  cylinder.  Lebon  also  suggested  that  the  machine  generating^ 
the  electric  spark  should  be  driven  from  the  motor  shaft.  The 
excellent  theoretical  principles  on  which  this  machine  had  been 
designed  were  striking  at  tluit  early  period,  and  marked  a  new  enk 
in  gas  engines.      More  than  sixty  years  elapsed  before  the  grea^ 
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adTantages  Lebon  had  so  dearly  understood,  of  compreflsing  the  gas 
and  air  before  ignition,  were  fully  realised.  The  progress  of 
mechanical  science  was  perhaps  retarded  for  many  years  by  the 
assassination  of  this  skilful  engineer  in  1804,  before  he  had  time  to 
perfect  the  details  of  his  invention.  But  in  any  case  Lebon's  engine 
was  too  much  in  advance  of  the  times  to  have  achieved  immediate 
success.  The  manufacture  of  gas  from  coal  was  still  in  its  infancy, 
and  it  was  too  expensive  and  difficult  to  produce  to  be  used  for 
driving  an  engine,  while  electricity  was  at  that  period  so  imperfectly 
understood,  that  the  ignition  of  the  charge  by  an  electric  spark  was 
4klone  sufficient  to  condemn  the  motor. 

Brown. — Lebon  had  many  imitators,  especially  in  France,  but 
the  next  to  invent  a  practical  engine  was  an  Englishman,  Samuel 
Brown,  who  took  out  two  patents,  No.  4874,  in  1823,  and  No.  5360, 
in  1826.  Brown's  gas  engines  were  the  first  actually  at  work  in 
London  and  the  neighbourhood,  and  also  the  first  in  which  the 
pressure  of  the  atmosphere  was  utilised  as  a  motive  power.  The 
principle  in  both  was  the  same — viz.,  to  produce  a  partial  vacuum 
in  a  cylinder  by  filling  it  with  coal  gas  flames,  which  drove  out  the 
air;  the  products  of  combustion  were  instantly  cooled,  and  the 
vacuum  thus  obtained  utilised  to  drive  a  piston.  Instead  of 
explosion,  combustion  of  the  gases  was  obtained  by  lighting  them 
by  a  small  flame  as  they  entered  the  cylinder.  The  temperature  of 
the  latter  was  reduced  by  a  water  jacket,  and  water  was  injected  to 
help  the  vacuum.  In  his  first  engine  Brown  employed  two  cylinders 
and  pistons,  connected  by  a  beam.  One  piston  was  driven  down 
by  atmospheric  pressure  at  one  end  of  the  beam,  while  the  other, 
connected  to  the  other  end,  was  simultaneously  raised.  Part  of  the 
air  escaped  through  valves  in  the  piston,  and  the  burning  gases 
being  instantly  cooled  by  the  water  injected,  condensation  was  pro- 
duced, and  a  vacuum  formed.  In  his  second  gas  engine  several 
cylinders  were  used,  to  obtain  a  continuous  vacuum.  The  working 
action  was  the  same,  but  the  air  escaped  through  the  valve  covers 
of  the  cylinders,  which  were  successively  lifted.  ^  As  in  the  other 
engine  the  gases  were  cooled,  after  combustion,  by  the  injection  of 
water.  These  engines  were,  however,  cumbrous  and  cuffioult  to 
work,  and  the  expense  of  driving  them  with  coal  gas  soon  stopped 
their  manufsusture.  A  drawing  is  given  in  Robinson's  Gcu  tmd 
Petroleum  Engines,  p.  105. 

Wright. — The  next  improvement  in  gas  motors  was  the  use  of  a 
governor  to  control  the  speed,  introduced  by  Wright  in  his  vertical 
double-acting  engine,  patented  1833  (No.  6525).  Wright's  engine 
had  one  cylinder  and  piston,  and  one  explosion  was  obtained 
alternately  at  either  end  of  the  cylinder.  The  piston  and  piston-rod 
vere  hollow,  and  the  cylinder  had  a  water  jacket  to  counteract  the 
intense  heat  of  the  double  explosion.  Ignition  was  obtained  by  an 
external  flame  and  a  touch  hole.  The  gas  and  air  were  slightly 
compressed   in   separate   reservoirs,  before    entering    the    motor 
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cylinder ;  their  admission  was  regulated  by  a  centrifugal  governor, 
and  the  richness  of  the  mixture,  or  the  greater  or  less  quantity  of 
gas  passing  the  valve,  varied  with  the  speed.  The  design  of  this 
engine  was  carefully  thought  out,  and  its  practical  working  details 
had  not  been  overlooked,  but  it  appears  doubtful  whether  it  was 
ever  made. 

Bamett. — Five  years  later,  in  1838,  William  Barnett,  another 
Englishman,  took  out  patents  for  three  vertical  engines.  These 
engines  contained  so  many  novel  and  interesting  features,  and 
anticipated  in  so  many  ways  the  latest  improvements  of  modem 
science,  that  they  mark  an  important  advance  in  the  construction 
of  gas  motors.*  The  first  (patent  No.  7615)  had  one  working 
cylinder,  single-acting.  Gas  and  air  were  drawn  in  and  compressed 
by  two  pumps,  and  passed  into  a  receiver  below  the  motor  cylinder, 
where  they  were  mixed  During  the  down  stroke  of  the  pumps, 
while  the  charge  was  being  forced  into  the  receiver  at  a  pressure  of 
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Fig.  l.—Bamett's  Engine  Gas  Ignition  Cock—Longitudinal  and 
Transverse  Section.      1838. 
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about  25  lbs.  per  square  inch,  the  return  stroke  of  the  motor  piston 
was  discharging  the  burnt  gases  through  the  exhaust  All  three 
pistons  moved  simultaneously  up  and  down.  As  the  motor  piston 
reached  the  bottom  of  its  stroke,  a  valve  at  the  side  opened  com> 
munication  with  the  receiver.  At  the  same  time  a  revolving 
ignition  cock  immediately  above  the  exhaust  fired  the  mixture 
issuing  from  the  receiver,  and  the  burning  gases  entered  the  motor 
cylinder  through  the  admission  port,  and  impelled  the  piston, 
upwards,  as  the  crank  passed  the  dead  point. 

The  conical  ignition  cock,  two  views  of  which  are  shown  at 
Fig.  1,  is  well  designed,  and  has  formed  the  type  for  many  similar 
arrangements.  It  consists  of  a  hollow  revolving  plug,  A,  in  & 
shell,  B.     There  are  two  openings,  d  communicating  with  the  outer 

*  A  drawing  of  Bamett's  engine  is  given  in  the  Proceedings  of  the  Inst, 
Mechanical  Emjineers,  1889. 
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air,  and  e  filing  the  cylinder ;  the  conical  ping  itself  has  only  one 
port  At  the  bottom  of  the  shell  is  a  gas  jet,  which,  when  lighted, 
is  in  the  centre  of  the  hollow  plug.  As  the  plug  revolves,  the  slit 
in  it  is  brought  opposite  the  port,  0,  of  the  shell  communicating 
with  the  cylinder,  and  part  of  the  highly-compressed  gases  passes 
into  the  hollow  plug,  and  fires  the  cluurge.  The  flame  itself  is 
blown  out  by  the  force  of  the  explosion ;  but,  as  the  plug  continues 
to  revolve,  the  slit  is  brought  to  fiice  port  d,  opening  to  the  at- 
mosphere, on  the  outside  of  which  is  a  permanent  second  gas  flame,. 
H.  Here  the  light  is  rekindled,  each  time  it  is  brought  round 
by  the  revolving  plug. 

Barnett*s  second  engine  was  double-acting,  but  in  principle  it 
resembled  the  first  The  third  engine  in  its  mechanical  details 
differed  very  little  from  the  gas  motors  now  in  use,  and  modern 
inventors  have  found  it  difficult  to  improve  upon  it  in  theory. 
One  defect  of  Bamett's  former  engines  was  that,  as  the  receiver  or 
charging  cylinder  was  never  swept  out  by  the  piston,  a  portion  of 
the  gases  of  combustion  was  not  displaced  by  the  new  compressed 
charge  of  gas  and  air,  but  always  remained  in  it  In  Bamett's 
third  engine  both  pump  and  receiver  were  abolished,  and  the  gas 
and  air  were  compressed  in  separate  cylinders,  and  delivered  direct 
into  the  motor  cylinder.  The  engine  was  double  acting,  and  the 
compressed  gas  and  air  were  admitted  alternately  to  each  face  of 
the  piston.  The  piston  being  at  the  bottom  of  the  cylinder,  the 
compressed  charge  below  it  was  fired  by  the  ignition  cock,  the 
piston  drove  up  Uie  products  of  combustion  from  the  last  explosion, 
and  discharged  them  during  the  first  half  of  the  stroke  into  the 
atmosphere,  through  a  port  in  the  centre  of  the  cylinder.  As  this 
port  was  closed  by  the  piston,  the  pressure  below  it  fell  to  that  of 
the  atmosphere.  The  gas  and  air  from  the  pumps  were  then 
delivered  into  the  top  of  the  cylinder,  and  further  compressed  by 
the  continued  up  stroke  of  the  motor  piston,  together  with  a 
certain  residual  quantity  of  the  gases  of  combustion.  The  mixture 
at  high  pressure  was  fired,  and  the  piston  in  its  descent  first  forced 
out  the  burnt  gases  below  it,  and  compressed  the  remainder  with 
the  fresh  charge  during  the  second  part  of  the  stroke.  At  the 
bottom  of  the  cylinder  a  fresh  explosion  took  place,  and  the 
cycle  was  repeated. 

Bamett  may  justly  claim  the  honour  of  having  been  the  first  to 
introduce  compression  of  the  gas  and  air  in  a  practical  shape,  as 
now  used  in  gas  engines.  Lebon,  it  is  true,  proposed  to  compress 
the  mixture  slightly  before  igniting  it,  but  he  did  not  work  out  the 
details,  or  put  his  method  to  the  test  of  actual  practice.  There 
are  three  points  distinguishing  Bamett's  from  previous  engines. 
Ignition  was  effected  at  the  dead  point,  and  gave  an  impetus  to 
the  crank  and  piston  during  the  whole  forward  stroke;  the  gas 
and  air  were  compressed  before  ignition ;  and  part  of  the  products 
of  combustion  were  utilised  to  increase  the  pressure  in  the  motor 
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cylinder.  It  is  generally  admitted,  howeyer,  that  Bamett  did  not 
reoognise  the  merit  of  his  own  suggestions.  Experience  has  shown 
that  compression  is  essential  to  economy  in  a  gas  engine,  and  igni- 
tion at  the  dead  point  is  also  important,  bat  Barnett  apparently 
used  both,  without  realising  their  Talue.  Nor  did  he  seem  aware 
of  the  difSculties  of  disposing  of  the  gases  of  combustion,  a  point 
on  which  later  inventors  have  differed  so  widely ;  for  although' 
he  attempted  to  discharge  the  greater  part,  he  evidently  did  not 
regard  the  presence  of  the  remainder  as  affecting  the  explosion  of 
the  mixture.  In  the  opinion  of  Mr.  Clerk,  insufficient  expansion 
was  the  fault  of  the  later  Bamett  engine,  a  defect  which  it  has 
hitherto  been  found  impossible  to  avoid  in  double-acting  engines. 

Two  or  three  smaller  engines  were  designed  during  the  next 
twenty  years,  although  none  of  them  seem  to  have  been  con- 
structed. In  1841  Johnston  described  a  motor  in  which  he  pro- 
posed to  introduce  oxygen  and  hydrogen  gas  into  the  cylinder, 
and  fire  them.  The  force  of  the  explosion  drove  up  the  piston,  and 
a  vacuum  was  produced  by  the  condensation  of  the  gases.  The 
same  process  was  repeated  at  the  top  of  the  cylinder,  and  the 
piston  was  forced  down  by  the  fresh  explosion,  ascending  and 
descending  alternately  in  a  vacuum.  The  great  cost  of  these  .gases 
was  sufficient  to  condemn  Johnston's  project 

Between  the  yearn  1838  to  1860  a  large  number  of  patents  were 
taken  out  both  in  England  and  France,  but  most  of  the  engines 
never  advanced  beyond  the  specification.  Sixteen  patents  were 
granted  from  1850  to  1860,  a  few  of  which  are  described  below, 
because,  as  inventions,  they  are  interesting. 

Drake. — ^An  ingenious  gas  engine  was  exhibited  by  Dr.  Drake 
at  Philadelphia  in  1843;  the  English  patent  (No.  562)  was  taken 
out  in  1855.  In  this  horizontal  engine  ordinary  lighting  gas  was 
used,  mixed  with  nine  or  ten  times  its  volume  of  atmospheric  air. 
Muck  care  was  taken  to  admit  the  mixture  in  proper  proportions, 
and  the  supply  of  gas  was  regulated  by  valves  controlled  by  a 
governor.  The  charge  entered  the  cylinder  at  atmospheric  pres- 
sure, and  was  fired  by  a  small  tube  kept  at  white  heat  by  an 
external  flame.  The  force  of  the  explosion  drove  out  the  piston, 
giving  a  maximum  pressure  of  about  100  lbs.  per  square  inch ;  the 
mean  effective  pressure  during  the  stroke,  with  a  speed  of  sixty 
revolutions,  and  twenty  indicated  H.P.,*  was  about  36  lbs.  per 
square  inch.  The  cylinder  had  a  water  jacket,  and  the  piston  was 
hollow.  The  engine  was  afterwards  modified,  and  worked  chiefly 
with  petroleum. 

An  important  suggestion,  which  has  since  formed  the  basis  of 
many  successful  engines,  was  made  by  Degrand  in  1858.  He 
proposed  to  compress  the  charge  in  the  cylinder  by  the  motor 

♦  H.P.  =  Horae-Power. 
I.H.P.  =  Indicated  Horse- Power. 
B.H.P.  s  Brake  Horse-Power. 
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piston,  but  the  idea  was  premature,  and  was  abandoned  at  the 
time. 

None  of  these  engines  worked  successfully,  and  many  were  never 
made.  One  cause  of  their  failure,  which  has  not  been  much 
noticed  by  writers  on  the  subject,  was  the  difficulty  of  procuring 
lifting  gas  from  coal,  except  in  a  few  of  the  large  towns.  The  art 
of  distilling  gas  was  still  in  its  infancy,  and  possibly  few  of  the 
early  inTentors  foresaw  the  day  when  gas  would  become  a  house- 
hold commodity,  as  easily  obtained,  even  in  small  Yillas;es,  as 
water.  Sixty  years  ago,  it  was  costly  and  seldom  available,  and 
numerous  substitutes,  none  of  them  very  practical,  were  proposed. 
As  gas  was  more  extensively  made  it  became  much  cheaper; 
engineers  saw  in  it  a  new  motive  power,  concentrated  their  efforts 
to  utilise  it,  and  finally  achieved  success.  Another  mistake  made 
by  the  early  inventors  of  gas  motors  was,  that  they  attempted  to 
supplant,  instead  of  to  supplement,  the  steam  engine.  They  did 
not  perceive  the  real  advantages  of  the  gas  engine  as  a  motor  for 
small  powers,  but  tried  to  make  economical  engines  up  to  20  H.P., 
or  50  H.P.,  before  the  constructive  details  were  thoroughly  under- 
stood. A  third  difficulty  in  constructing  practical  gas  engines  lay 
in  the  ignorance  prevailing  on  the  subject.  They  were  designed 
too  much  on  the  lines  of  steam  engines.  Most  of  the  latter  were 
double-acting,  and  the  inventors  of  the  day  could  not  divest  their 
minds  of  the  idea  that  a  similar  method,  if  adopted  with  gas,  would 
give  the  same  favourable  results.  Experience  has  shown  that  the 
action  of  gas  in  a  cylinder  is  very  different  from  that  of  steam,  and 
that  gas  engines  must  be  differently  designed. 

Barsanti  and  Matteuooi. — At  about  this  period,  however, 
{I860),  and  especially  after  the  production  of  the  Lenoir  and 
Hugon  engines,  three  defects  had  come  to  be  recognised  as  the 
inevitable  results  of  an  explosion  at  each  to  and  fro  stroke  of  the 
piston.  The  heat  generated  was  so  great  that  it  had  to  be  carried 
off  as  quickly  as  possible,  and,  even  with  water  jackets  to  the 
cylinder,  parts  of  the  engine  sometimes  became  red  hot.  It  was 
also  impossible,  in  a  doubleacting  engine,  to  compress  the  gas  and 
air  before  ignition  ;  and  lastly,  expansion  of  the  gases  was  greatly 
limited.  The  stroke  of  the  piston  was  too  short  to  utilise  to  the 
full  the  expansive  force  produced  by  the  explosion,  and  the  pro- 
ducts of  combustion  were  discharged  at  a  pressure  much  above 
atmospheric  In  this  way,  almost  all  the  heat  generated  by  the 
ignition  and  explosion  of  the  gases  was  wasted.  Many  experi- 
ments were  made,  and  many  engines  constructed,  before  it  was 
realised  that  the  greater  the  amount  of  heat  utilised  by  doing  work 
on  the  piston,  the  lower  would  be  the  temperature  and  pressure 
of  the  gases  at  discharge,  and  the  less  heat  would  be  wasted.  The 
next  engine,  invented  by  two  Italians,  Barsanti  and  Matteuoci, 
showed  a  better  knowledge  of  the  principles  of  economy.  In  it  a 
distinct  step  in  advance  was  made,  and  an  important  principle 
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exhibited  for  the  first  time  in  practice — namely,  the  use  of  a  free 
piston,  and  unchecked  expansion  of  the  charge.  For  this  reason 
their   motor  deserves    attention    and   study,  though,  like  many 

others,  it  was  not  a  practical 
working  success. 

Two  patents  were  taken  out 
by  Barsanti  and  Matteucci  in 
England,  the  first  in  1854,  the 
second  in  1857.  In  the  first  the 
free  piston  was  supplemented  by 
a  lower  auxiliary  piston  imme- 
diately below  it  in  the  same 
cylinder.  An  outline  drawing  of 
the  engine  is  shown  at  Fig.  2. 
A  is  the  cylinder  and  P  the 
motor  piston ;  p  is  the  auxiliary 
piston,  S  the  flat  slide  valve 
actuated  by  a  lever,  F,  connected 
with  the  rod  E  of  the  auxiliary 
piston,  which  passes  through  the 
bottom  of  the  cylinder.  The 
crosshead  at  E  is  attached  by 
two  levers,  not  shown  in  the 
drawing,  to  the  wheel  D  and  the 
crank  J,  driven  from  the  main 
shaft,but  not  revolving  so  rapidly . 
As  soon  as  the  free  piston  P 
has  reached  its  lowest  position,  p 
begins  to  descend,  and  air  is  ad- 
mitted between  the  two  pistons 
through  the  passages  a,  b,  c  of  the  slide  valve  S.  As  the  auxiliary 
piston  descends,  the  slide  valve  is  lowered  with  it  by  the  lever  F, 
the  air  port  a  is  closed,  and  the  gas  port  d  uncovered,  admitting  gas 
to  the  cylinder  between  the  pistons,  through  d,  6,  and  e.  The 
slide  valve  next  shuts  o£F  d,  when  the  mixture  is  fired  by  a  series  of 
electric  sparks,  the  circuit  being  put  on  by  the  lever  F.  The  piston 
P  which  has  been  at  a  stcuid,  is  now  projected  upwards,  free  of  the 
crank  shaft,  and  p  is  forced  still  lower,  driving  out  the  products  of 
combustion  below  it  through  the  openings  %  i  in  the  bottom  of  the 
cylinder.  The  pressure  in  the  cylinder  beneath  the  free  piston  is 
now  below  atmosphere,  the  valves  1 1  close  automatically,  the  channel 
y  is  uncovered,  and  as  the  piston  rises,  communication  is  established 
between  the  contents  of  the  cylinder  above  and  below  the  piston  p, 
through  /,  «,  and  b.  The  working  piston  descends  in  the  vacuum, 
driving  out  the  exhaust,  and  the  same  process  is  repeated.  This  is 
the  first  instance  of  the  slide  valve,  afterwards  much  used. 

The  arrangement  of  the  catch  is  novel  and  ingenious.     The  rod 
of  the  free  piston  P  carries  a  rack,  and  as  soon  as  the  piston 


Fig.  2. — Barsanti  and  Matteucci's 

Gas  Atmospheric  Engine. 

1854. 
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begins  to  descend,  the  rack  gears  into  the  toothed  wheel  L, 
mnning  loose  on  the  main  shaft  K.  The  wheel  L  has  a  pawl  C. 
Ab  the  rack  falls,  and  drags  L  round  to  the  right,  the  spring  s 
presses  the  pawl  C  into  the  teeth  of  the  ratchet  wheel  B,  which 
is  keyed  on  to  the  main  shaft  K,  and  causes  B  and  therefore  K 
to  rotate  to  the  right.  When  the  piston  rises,  the  main  shaft 
continues  to  turn  to  the  right,  but  the  movement  of  the  wheel  L 
is  reversed ;  it  revolves  to  the  left  with  the  up  stroke  of  the 
piston,  and  G,  slipping  past  B,  loses  connection  with  the  main 
shaft. 

In  the  second  engine  patented  by  Barsanti  and  Matteucci  the 
auxiliary  piston  was  abolished,  the  slide  valve  was  worked  by 
a  valve-rod,  and  the  details  were  much  simplified.  There  was  an 
auxiliary  as  well  as  a  motor  shaft,  both  having  pawls  acting  upon 
the  rack.  In  both  engines  a  much  better  and  freer  expansion  waa 
afforded  to  the  combustible  gases  than  had  hitherto  been  obtained. 
In  ^t  there  was  no  check  to  their  expansion,  except  the  weight 
of  the  piston,  &c,  But^  notwithstanding  its  excellent  cycle,  this 
motor  was  never  in  the  market,  probably  because  the  work- 
ing details  and  the  mechanism  were  defective  That  the  main 
lines  on  which  it  was  constructed  were  good,  is  proved  by  the 
fact  that  they  were  adopted  and  successfully  put  in  practice  by 
Otto  and  Langen,  though  the  German  engineers  appear  to  have 
designed  their  motor  independently.  The  fundamental  principle 
of  the  Barsanti  and  Matteucci  engine,  to  utilise  the  whole  force 
of  the  explosion  in  as  complete  expansion  as  possible,  was  excel- 
lent, and  has  not  been  improved  upon.  Few  modem  inventors 
have  been  able  to  approach  as  closely  the  conditions  of  a  perfect 
theoretical  cycla 

About  the  year  1860  the  importance  of  the  gas  engine  had 
become  widely  recognised.  Great  as  was  the  perfection  to  which 
steam  engines  had  been  brought,  it  was  felt  that  they  did  not, 
and  could  not,  supply  the  various  requirements  for  an  economical 
motor.  The  necessity  for  some  other  kind  of  engine  had  already 
been  pointed  out  by  Oheverton  in  1826.  In  a  letter  to  the 
Mechanic's  Magazine  he  says — "It  has  long  been  a  desideratum 
in  practical  mechanics  to  possess  a  power  engine,  which  shall  be 
ready  for  use  at  any  time,  capable  of  being  put  in  motion  without 
any  extra  consumption  of  means,  and  without  a  loss  of  time  in  its 
preparation.  These  qualities  would  make  it  applicable  in  casea 
where  but  a  small  power  is  wanted,  and  only  occasionally  required. 
They  are  so  numerous,  and  the  consequent  saving  of  human 
strength  would  be  so  great,  that  the  advantages  accruing  to  society 
would  be  immense,  if  even  the  current  expense  were  much  greater 
than  that  of  steam."  No  words  could  better  describe  the  present 
advantages  of  the  gas  engine. 

Application. — ^In  the  history  of  gas  motors  three  periods  may 
be  distinguished — 1,  Invention;    2,  Application;    3,  Theoretical 
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and  practical  improve ment.  The  first,  the  period  of  invention,  was 
over.  Hydrogen,  inflammable  powder,  and  other  explosives  were 
no  longer  used  in  engine  cylinders,  and  gas  was  already  recognised 
as  the  most  suitable  medium,  next  to  steam,  for  utilising  heat  as  a 
motive  power.  In  the  construction  of  the  gas  engine,  much  had 
been  achieved  by  mechanical  ingenuity.  All  the  parts  had  been 
designed,  and  the  details  thought  out  Scarcely  a  single  improve- 
ment has  been  suggested  in  modern  engines,  which  may  not  be 
found  in  the  drawings  of  Lebou,  Barber,  Street,  Bamett,  and 
others.  In  the  words  of  Professor  Witz — "The  gas  motor  had 
been  invented;  the  problem  was  how  to  make  it  a  working 
success.''  It  is  here  that  we  enter  on  the  second  period,  that  of 
Application.  That  time,  too,  has  now  passed.  Practical  experience 
has  long  been  brought  to  bear  on  the  construction  of  the  gas 
engine,  but  the  maximum  utilisation  of  the  heat  is  still  a  problem 
of  the  future. 

Lenoir. — From  this  point  of  view,  the  honour  of  having  in- 
vented and  introduced  the  first  practical  working  gas  engine  justly 
belongs  to  Lenoir.  His  specifications  set  forth  no  new  features, 
but  he  was  able,  not  only  to  make  his  engine  work,  which  no  one 
had  hitherto  succeeded  in  doing,  but  to  work  rapidly,  silently,  and, 
as  at  first  supposed,  more  economically  than  steam.  Cost  and 
space  were  reduced  by  the  absence  of  a  boiler,  and  nothing  could 
apparently  be  simpler,  nor  better  suited  to  drive  machinery  of 
every  kind,  than  the  new  motor.  Its  success  was  undoubted, 
and  every  one  was  eager  to  use  it.  It  was  made,  however, 
at  a  time  when  very  little  was  known  of  the  theory  of  the  gas 
engine,  its  action  was  imperfectly  understood,  and  the  economy 
with  which  the  new  motor  was  credited  was  soon  found  to  be  a 
fallacy. 

Lenoir  took  out  bis  first  patent  in  France,  Jan.  24,  1860;  in 
England,  No.  335,  Feb.  8,  1860.  The  engines  were  made  by 
M.  Hippolyte  Marinoni,  a  French  engineer,  whose  mechanical  skill 
undoubtedly  contributed  to  their  success.  During  the  first  year 
one  was  constructed  of  6  H.P.  and  another  of  20  H.P.,  and  so  great 
was  the  demand  that,  in  five  years,  between  three  and  four  hundred 
motors  were  made  in  France,  and  a  hundred  in  England.  The 
construction  of  these  was  undertaken  by  the  Reading  Iron  Works 
in  England,  and  the  Oompagnie  Lenoir  at  Paris;  in  1863  the 
patent  of  the  latter  was  acquired  by  the  Compagnie  Parisienne 
de  Gaz. 

The  usual  reaction  from  undue  praise  and  indiscriminate  adop- 
tion of  the  new  engine  followed.  The  chief  cause  of  its  sudden 
fall  in  popular  esteem  was  the  discovery  that  it  consumed  much 
more  gas  than  it  was  said  to  do.  In  practice,  from  88  to  105 
cubic  feet  of  Paris  gas  were  burnt  in  the  Lenoir  engine  per  H.P. 
per  hour.  A  brake  experiment  gave  a  mean  of  nearly  106  cubic 
feet,  and  this  was  about  the  average  consumption  for  small  powers. 
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The  quantitj  of  water  required  for  the  cooling  jacket  was  con- 
siderable. The  heat  generated  was  bo  great  tiiat,  unless  the 
engine  was  copiously  oiled,  the  working  parts  were  injured,  and  it 
was  brought  to  a  stand.  Hence  it  was  sarcastically  said  that  *'  the 
Lenoir  motor  did  not  require  heating,  but  oiling." 

The  sweeping  condemnation  bestowed  upon  these  engines  was 
hardly  justified,  for  they  possessed  many  advantages,  which  were 
as  completely  overlooked  as  their  defects  had  been  at  first.  They 
were  easy  to  transport,  to  fix,  and  to  set  to  work,  and,  when 
constructed  for  small  powers,  were  very  useful  in  many  cases  for 
superseding  manual  labour.  They  could  be  started  at  a  moment's 
notice,  and  when  not  running,  no  expense  for  gas  was  incurred, 
while  they  have  hardly  been  surpassed  for  silent,  smooth,  and 
regular  working.  But  these  were  not  the  chief  merits  of  the 
Lenoir  engine.  It  was  the  first  to  compete  with  steam  for  small 
powers,  and  to  familiarise  the  public  with  the  idea  of  obtaining 
motive  power  from  gas.  The  advantages  of  these  motors  were  so 
great  and  so  patent  that,  when  the  Lenoir  was  gradually  super- 
seded, it  was  replaced  by  other  engines  driven  by  gas.  Its  very 
defects  acted  as  a  stimulus  to  fresh  efforts,  and  kept  the  subject 
before  the  minds  of  inventors.  Once  accustomed  to  the  easy 
action  of  the  gas  engine,  in  which  it  was  only  necessary  to  turn 
a  valve  on  the  gas  main,  and  another  on  the  water  supply,  to  set 
the  machine  in  motion,  many  people  refused  to  return  to  the 
laborious  process  of  generating  steam  in  a  boiler. 

Lenoir  was  himself  fully  alive  to  the  faults  of  his  engine,  and 
continually  studied  to  overcome  them,  but  he  started  from  a 
wrong  basis.  He  attributed  the  extravagant  consumption  of  gas 
to  the  rapidity  of  explosion,  which  affected  the  action  of  the 
engine  injuriously,  by  producing  a  sudden  rise  and  fall  in  the 
pressure.  In  common  with  later  inventors,  he  endeavoured  to 
diminish  the  force  of  the  explosion,  and  to  obtain  a  slower  com- 
bustion of  the  gases  by  stratification,  and  in  a  second  patent. 
No.  107,  1861,  he  proposed  to  inject  a  little  water  into  the 
cylinder  for  this  purpose.  The  injection  of  steam  into  a  gas  engine 
cylinder  has  since  been  often  suggested,  and  put  in  practice;  the 
subject  will  be  considered  later  on.  Lenoir  himself  does  not  seem 
to  have  carried  out  his  proposal. 

The  much  vaunted  and  much  abused  Lenoir  gas  engine  re- 
sembled in  construction  a  double-acting  horizontal  steam  engine, 
and  the  gas  was  ignited  electrically.  Gas  and  air  were  admitted  at 
both  ends,  drawn  in  by  the  piston  during  the  first  part  of  the 
stroke,  and  then  fired  and  expanded.  Admission  of  the  charge 
was  cut  off,  either  at  half  stroke  or  a  little  later.  As  ignition 
with  the  electric  spark  was  sometimes  retarded,  it  occasionally 
happened  that  the  piston  had  passed  through  a  considerable 
portion  of  the  stroke  before  explosion  occurred,  and  incomplete 
expansion  was  the  result.     The  cylinder,  both  covers,  and  the 
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chamber  into  which  the  gas  was  admitted,  were  water-jacketed, 
and  the  circulating  water  was  used  over  and  over  again. 

In  the  original  drawing  of  the  engine,  shown  at  Fig.  3,  A   is 
the  motor  cylinder,   in  which  is  the  piston  P.      The  piston-rod 
works  the   connecting-rod    C,  and  crank   shaft  K,   through    the 
crosshead  D.     Two  eccentrics,  G  and  H,  on  the  crank  shaft,  work 
two  flat  valves,  S  and  S^,  on  either  side  of  the  cylinder.     The  slide 
valves  S  S  admit  gas  and  air  into  the  cylinder,  and  those    at 
S^  S|  allow  the  products  of  combustion  to  escape.     The  latter  each 
contain  one  exhaust  port;  and  these  are  brought  into  line  with 
the  exhaust  openings  shortly  before  the  end  of  the  stroke,  to  let 
out  the  gases  of  combustion,  and  close  over  them  as  the   fresh 
mixture  enters.     Through  the  exhaust  ports  the  gases  pass  into  a 
discharge  pipe,  and  thence  into  the  atmosphere.     The  slide  valves 
8  S  perform  the  functions  of  admission  and  distribution,  and  the 
two   chambers  L  L  are  filled  with  gas.     These  valves  are    made 
with  small  cylindrical  holes  ^  inch  in  diameter,  alternating  with 
larger  apertures  i  inch  by  ^  inch  diameter.     The  gas  enters  from 
L  through  these  holes,  while  the  air  is  admitted  tj&ough  the  ends 
of  the  slide  valves,  which  are  open  to  the  atmosphere,  and  passes 
through  the  apertures  in  the  proportions  of  about  1  of  gas  to  12  of 
air.      This  arrangement  of  comb-shaped  grooves  and  passages  is 
continued  throughout  the  whole  thickness  of  the  slide,  and  the 
effect  is  to  cause  the  gas  and  air  to  flow  to  the  cylinder  in  separate 
streams.     By  thus  forcing  them  to  enter  without  mingling,  a  better 
stratification  of  the  charge  was  supposed  to  be  obtained,  but  this 
appears  doubtful.     At  either  end  of  the  cylinder  is  a  small  pro- 
jection at  b  and  6^  to  which  wires  are  attached  from  the  coil  and 
electric  battery,  M. 

The  action  of  the  engine  is  as  follows: — The  exhaust  valves 
being  closed  when  the  piston  is  at  the  extreme  end  of  the  stroke, 
as  shown  in  the  drawing,  the  energy  of  the  flywheel  is  sufficient  to 
carry  it  forward.  The  air  port  (which  is  very  large  to  prevent 
throttling)  is  already  slightly  open,  the  gas  valve  now  opens,  and 
the  charge  is  mixed  in  the  main  port  of  valve  S  before  being  drawn 
into  the  cylinder  by  the  forward  stroke  of  the  piston.  Meanwhile 
the  pressure  on  the  other  side  of  the  piston  has  been  reduced  to 
that  of  the  atmosphere.  Before  the  admission  valve  is  completely 
closed  the  electric  spark  fires  the  mixture,  and  the  piston  is  thus 
propelled  forward  to  the  end  of  the  stroke,  the  pressure  rising  to 
5  or  6  atmospheres,  but  the  action  of  the  water  jacket  cools  the 
-cylinder,  and  reduces  the  pressure.  The  exhaust  valve  has  a  slight 
lead,  and  opens  a  little  before  the  end  of  the  stroke,  allowing  the 
gases  of  combustion  to  escape  at  a  pressure  of  1*5  to  1 '8  atmosphere. 
The  same  process  is  repeated  during  the  return  stroke.  A  certain 
proportion  of  the  gases  of  combustion  are  always  left  in  the 
cylinder,  but  their  pressure  is  low,  and  the  clearance  spaces  are 
very  small.      The  temperature  of  the  escaping  gases  ia  given  by 
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Professor  Schottler  at  about  200*  C.     In  an  experiment  by  Tresca 
it  was  220*  C. 
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Fig.  i  gives  a  sectional  plan  of  the  cylinder,  in  which  the 
admission  of  gas  and  air  are  slightly  modified;  the  parts  are 
lettered  as  in  Fig.  3.  Here  the  main  admission  port  is  open  to  the 
atmosphere,  and  is  covered  with  a  perforated  brass  pUte,  which 
extenas  downwards,  so  as  also  to  cover  the  gas  port.  As  the  gas 
enters,  it  is  forced  to  pass  up  and  down  through  small  holes  in  the 
metal  plates,  and  to  mix  thoroughly  with  the  air  before  entering 
the  main  port,  but  this  arrangement,  like  that  already  described, 
was  not  found  to  work  quite  satisfactorily. 


£xhaaH 


Fig.  4.— Lenoir  Engine— Section  of  Cylinder.     1880. 

Like  most  of  the  early  gas  engines,  the  Lenoir  was  ignited  by  an 
electric  spark,  as  shown  at  M,  Fig.  3.  A  battery  with  two  Bunsen 
cells,  connected  by  a  Ruhmkorff  induction  coU,  and  an  electric 
hammer,  produces  a  continuous  stream  of  sparks.  The  contact 
maker  N  is  in  connection  with  the  crosshead  D  and  piston-rod, 
through  which  the  negative  current  passes,  and  the  mass  of  the 
engine  is  negative.  The  positive  current  passes  through  wires 
insulated  in  porcelain  tubes,  leading  from  the  two  ends  of  the 
contact  maker  to  the  two  projecting  points,  h  and  6^,  at  each  end  of 
the  cylinder.  Contact  is  formed  alternately  between  them  by  a 
projection  moved  to  and  fro  by  the  crosshead.* 

The  speed  of  the  engine  was  regulated  in  the  ordinary  way  by  a 
centrifugal  governor  acting  on  the  gas  admission  valve,  and  the 
supply  of  gas  was  wholly  cut  off,  as  soon  as  the  speed  exceeded 
the  normal  limits.  The  oiling  was  always  defective.  Ordinary 
lubrication  by  hand  was  at  first  used,  but  this  was  soon  found 
insufficient  to  counteract  the  great  heat  generated  in  a  doable- 

*  In  the  Lenoir  engine,  as  then  made  at  the  Reading  Iron  Works,  the 
electrical  arrangement  was  modified. 
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aeting  gas  engine.  The  piston  frequently  became  red  hot  and 
heated  the  incoming  charge  h^fort  ignition,  a  defect  which  later 
inventors  have  always  carefully  endeavoured  to  avoid;  and  the 
temperature  was  so  high  that,  unless  frequently  and  copiously  oiled, 
the  engine  would  not  work.  * 

It  is  always  less  difficult  to  start  a  non-compressing  gas  engine 
fired  electrioedly  than  a  compression  engine,  and  the  Lenoir  motor 
was  very  easily  set  in  motion.  The  flywheel  was  turned  by  hand, 
and  the  piston  moved  forward,  drawing  in  the  explosive  mixture. 
At  the  same  moment  electric  contact  was  established,  a  spark  fired 
the  charge,  and  the  explosion  drove  out  the  piston  over  the  dead 
point,  after  which  the  engine  worked  automatically. 

The  earliest  trials  on  record  of  any  gas  motor  are  those  made  by 
Tresca  in  1861  on  the  Lenoir  engine.  The  first  experiments  were 
on  an  engine  of  ^  H.P.  with  a  speed  of  130  revolutions  per  minute. 
The  proportion  of  gas  to  air  was  one-tenth,  the  maximum  pressure 
obtained  4*87  atmospheres,  the  consumption  of  Paris  gas  was  112 
cubic  feet  per  H.P.  per  hour.  In  a  second  trial  of  a  1  H.P.  engine, 
the  quantity  of  gas  used  was  reduced  to  96  cubic  feet  per  H.P.  per 
hour,  or  about  four  times  the  average  present  consumption.  The 
maximum  pressure  in  the  cylinder  was  4*36  atmospheres,  number 
of  revolutions  94,  and  the  proportion  of  gas  to  air  1  to  7^.  In  both 
engines  more  than  half  the  total  heat  was  carried  off  in  the  water 
jacket,  and  Tresca  calculated  that  only  4  per  cent,  was  utilised  in 
useful  work,  the  remainder  being  discharged  with  the  exhaust 
gases.  Other  experiments  were  made  by  Lebleu,  Eyth,  and 
Auscher,  and  by  Mr.  Slade  in  America.  Fig.  5  shows  an  indicator 
diagram  of  the  Lenoir  engine. 

Twenty-five  years  later  Lenoir,  who  was  incessantly  endeavour- 
ing to  perfect  his  invention,  brought  out  a  single-acting  compres- 
sion engine,  using  the  Beau  de  Bochas'  four-cycle.  It  will  be 
described  among  modem  motors. 

The  success  of  the  Lenoir  engine  produced  a  host  of  imitators 
and  rivals,  several  of  whom  set  up  a  prior  claim  to  the  invention. 


Fig.  5. — Lenoir  Engine— Indicator  Diagram  (Slade).     1860. 

Beithmann,  a  watchmaker  at  Munich,  declared  that  he  had 
designed  an  engine  similar  to  Lenoir's,  for  which  he  had  taken 
out  a  patent.  Sept  11,  1868.  It  was  described  in  the  "Bayerische 
Eunst  und  Oewerbeblatt,"  but,  if  ever  made,  it  never  reached  a 
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practical  stage.  A  more  formidable  opponent  was  Hugon,  the 
Director  of  the  Paris  Qbs  Company,  whose  original  patent  also 
dates  from  Sept.  11,  1858.  It  is  certain  that  Lenoir  worked 
independently,  and  that  his  invention  as  a  practical  engine  was  the 
first  in  the  market. 

Hugon. — Hugon's  vertical  gas  engine  did  not  appear  till  1862, 
and  he  soon  abandoned  it  in  favour  of  a  direct-acting  engine  similar 
in  principle  to  Lenoir^s,  which  he  patented  in  France  in  1865 
(No.  66,807).  Flame  ignition  was  substituted  for  electricity,  and  a 
small  quantity  of  water  was  injected  into  the  cylinder  at  every 
stroke.  The  fiame  was  carried  to  and  fro  in  a  cavity  inside  a  slide 
valve,  and  the  engine  afforded  the  first  practical  illustration  of  this 
method  of  ignition,  afterwards  so  generally  used.  The  consumption 
of  gas  was  still  very  high,  and  the  engine  did  not  find  much  favour, 
even  in  France. 

In  this  vertical,  single  cvlinder,  double-acting  motor,  air  and  gas 
are  admitted,  as  in  the  Lenoir,  on  both  sides  of  the  piston,  at 
atmospheric  pressure.  The  piston  P  and  piston-rod  in  cylinder  A 
drive  the  shaft  through  a  forked  connecting-rod  and  crank,  as 
shown  in  Fig.  6,  taken  from  Schottler's  *  careful  description  of  the 
engine.  An  eccentric  on  the  same  shaft  works  the  rubber  gas 
reservoir  C,  from  which  the  gas  is  pumped  under  slight  pressure 
through  the  pipe  a  to  the  cylinder.  A  smaller  gas  reservoir,  D, 
supplies  gas  for  the  ignition  flames.  The  valve-rod,  actuated  by  a 
second  eccentric  on  the  crank  shaft,  works  the  two  admission 
valves,  S  and  S^.  A  small  pump,  B,  is  driven  from  it,  and  injects^ 
water  into  the  cylinder  through  the  supply  pipe  d  and  the  small 
openings  d^  and  d^  The  main  slide  valve  S  has  five  openings, 
e  and  «},  the  igniting  ports  containing  the  two  gas  jets  for  lighting 
the  mixture  at  each  end  of  the  cylinder ;  g  and  g^,  the  admission 
ports  which  receive  the  mixture  of  gas  and  air  from  the  tube  a, 
through  the  openings  in  the  auxiliary  slide  S, ;  and  h  the  exhaust 
valve,  discharging  through  K  into  the  atmosphere.  In  the  second 
and  smaller  slide  valve,  S^,  there  are  only  two  ports  for  opening 
communication  between  the  main  slide  valve  and  the  gas  reservoir 
C,  and  by  its  action  the  sudden  admission  and  cut-off  are  obtained, 
which  form  a  principal  feature  of  the  Hugon  engine ;  J  and  A  are 
permanent  gas  jets  to  rekindle  the  flame  at  e  and  e^  when  blown 
out,  as  it  is  each  time,  by  the  force  of  the  explosion.  There  are 
two  main  ports,  serving  alternately  for  admitting  the  charge  to  the 
cylinder  and  igniting  it,  and  for  discharging  the  gases  of  com- 
bustion into  the  exhaust ;  this  arrangement  has  since  been  altered. 

The  action  of  the  engine  is  as  follows  : — When  the  piston  is  at 
the  top  of  its  stroke  and  begins  to  descend,  the  principal  slide  valve 
S  is  driven  down,  and  the  port  g  comes  immediately  opposite  the 
upper  main  cylinder  port,  forming  a  connection  between  it  and  a 
port  in  the  outer  slide  valve  S^,  admitting  gas  and  air  from  0 
*  Schottler,  Die  Ocu  Maachine^  2nd  edition,  p.  23. 
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through  a.  At  this  part  of  the  stroke,  the  position  of  the  slide 
valves  is  the  following : — The  light  at  e  is  in  process  of  kindling  by 
fyg  \a  opening  on  to  the  main  port,  while  at  the  bottom  of  the 
piston  the  products  of  the  last  explosion  are  discharging  through  h 
into  the  exhaust.  The  port  g  being  much  smaller  tha^  the  main 
port,  the  supply  of  gas  and  air  through  S^  is  soon  cut  off,  but  the 
communication  of  g  with  the  main  port  is  still  open  when  the  slide 
is  suddenly  driven  down  by  the  movement  of  the  eccentric  on 
the  shaft.      The  gas  flame  t  is  brought  opposite  the  inflammable 
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Pig.  6.— Hugon  Gas  Engine— Vertical.     1862, 

mixture,  and  spreads  through  it,  and  back  into  the  admission  port. 
Explosion  takes  place  when  the  piston  has  passed  through  about 
four-tenths  of  the  stroke,  and  drives  it  down  through  the  remainder. 
The  piston  and  slide  valve  now  begin  to  rise,  and  the  same  process 
is  repeated  at  the  lower  end  of  the  piston  and  cylinder.  As,  how- 
ever, the  valve  in  its  upward  progress  must  again  cross  the 
admission  passages  in  slide  S^,  before  reaching  the  top  of  the 
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cylinder,  gas  and  air  would  be  admitted  at  the  wrong  moment^  and 
rapid  admisBion  and  cut-off  could  not  be  obtained  unless  this  valye 
were  closed.  It  is  driven  down  by  the  pin  projecting  from  the 
main  valve,  which  catches  and  carries  it  in  the  same  direction. 
A  spring  then  holds  it  in  position,  and  does  not  release  it  until  the 
slide  S  has  begun  to  return.  The  engine  was  tested  by  Tresca 
in  1866-1867.  Fig.  7  gives  an  indicator  diagram  of  a  trial  bj 
Mr.  Clerk. 

2Si 


Fig.  7. — Hugon  Engine— Indicator  Diagram.     1862. 

Siemens. — About  this  time  the  subject  of  heat  motors  engaged 
the  attention  of  Sir  William  Siemens,  and  he  took  out  several 
patents  for  gas  and  hot  air  engines.  His  regenerative  engine  is 
described  at  p.  323. 

The  defect  of  both  the  Hugon  and  Lenoir  engines  was  the  large 
consumption  of  gas  in  proportion  to  work  done.  This  extravagance 
checked  the  sale  of  these  engines,  and  they  ceased  to  be  extensively 
made,  even  before  others  had  been  invented  to  take  their  place. 
Their  failure  was  attributed  to  want  of  stratification.  Inventors 
long  thought  it  possible  to  distribute  the  admission  of  the  charge 
in  such  a  way,  that  the  gas  and  air  were  introduced  either  in 
separate  layers  or  thoroughly  mixed.  Both  Lenoir  and  Hugon 
were  of  opinion  that  the  shock  given  by  the  explosion  was  too 
violent,  and  needed  to  be  weakened.  These  erroneous  notions 
were  gradually  abandoned,  and  the  real  reasons  of  the  want  of 
economy  were  at  last  perceived — namely,  insufficient  expansion, 
and  the  absence  of  compression. 

Sohmidt — Million. — In  1861  Gustavo  Schmidt,  in  a  paper  sub- 
mitted to  the  Institution  of  German  Engineers, '*'  declared  that 
more  favourable  results  would  be  obtained,  greater  expansion,  and 
better  transformation  of  the  heat  of  combustion  into  work,  if  the 
gas  and  air  were  previously  compressed  to  two  or  three  atmospheres. 
In  the  same  year  Million  either  re-discovered  or  was  the  first  to 
apply  Lebon's  and  Barnett's  idea  of  previous  compression  of  the 
gas  and  air  by  means  of  a  separate  pump.  His  proposals  helped  to 
develop  the  theory  of  the  gas  engine,  but  he  does  not  seem  to  have 
put  them  into  practice. 

Thus  the  principle  of  compressing  the  charge  of  gas  and  air  in 
an  engine  before  ignition  had  already  been  foreshadowed,  whea 
a  very  remarkable  descriptive  patent  upon  the  subject  appeared 

*  Zeitachrift  des  Vereines  detUwher  Ifiginieure,  1861,  p.  217* 
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in  France  in  1862  by  M.  Beau  de  Rochaa.  Hitherto  the  con- 
struction of  gas  engines  had  not  been  designed  and  worked  out 
on  a  scientific  basis.  Inyentors  did  not  fully  understand  the  effect 
of  the  different  operations  thej  proposed  to  carry  out.  They  were 
ignorant  of  the  reason  why  one  engine  gave  more  economical 
results  than  another,  and  what  methods  should  be  adopted  to 
control  the  extravagant  consumption  of  gas.  They  were  all 
ready  to  recognise,  without  being  able  to  remedy,  the  defects  of 
their  engines.  Nor  were  study  and  perseverance  wanting.  Many 
of  the  earlier  gas  motors  were  the  result  of  much  labour  and 
repeated  experiments,  and  failed  only  for  lack  of  a  scientific 
comprehension  of  the  subject. 

Beau  de  Boohas. — The  real  reasons  of  the  uneconomical 
working  in  the  Lenoir  and  other  motors  were  want  of  compres- 
sion, incomplete  expansion,  and  loss  of  heat  through  the  walls.* 
In  both  the  Lenoir  and  Hugon  engines  the  pressures  in  the 
OTlinder  were  always  low  and  difficult  to  maintain,  and  this 
snowed  that  the  pressure  generated  by  the  explosion  alone  was 
insufficient,  and  must  be  increased  by  previous  compression  of 
the  charge.  Time  was  also  lost  in  obtaining  an  explosion,  and 
the  heat,  applied  too  late  to  the  gas,  was  speedily  dissipated, 
some  of  it  going  to  heat  the  jacket  water,  and  some  being  dis- 
cbftrged  at  exhaust  M.  Beau  de  Bochas,  a  French  engineer, 
was  the  first  to  formulate  a  complete  theory  of  the  cycle  of 
operations  which  ought  to  be  carried  out  in  a  gas  engine,  to  utilise 
more  completely  the  heat  supplied.  Four  conditions  were  laid 
down  by  him  as  essential  to  efficiency. 

I.  The  largest  cylindrical  volume,  with  the  smallest  circum- 
ferential surface. 

II.  Maximum  speed  of  piston. 

III.  Greatest  possible  expansion. 

I Y.  Highest  pressure  at  the  beginning  of  expansion. 

These  working  conditions  are  now  generally  admitted  to  be 
necessary,  but  at  that  time  they  created  a  revolution  in  the  study 
of  the  gas  engine.  The  first  shows  the  reason  why  the  consump- 
tion of  gas  was  so  much  greater  in  small,  as  compared  with  larger 
engines.  On  this  subject  Mr.  Dugald  Clerk  says,  **  As  an  engine 
increases  in  size,  the  volume  of  gaseous  mixture  used  increases  as 
the  cube,  while  the  surface  exposed  only  increases  as  the  square ; 
so  that  the  proportion  of  volume  of  gaseous  mixture  used  to  surface 
cooling  is  less,  the  larger  the  engine." 

In  the  second  and  third  conditions  increased  expansion  and 
speed  are  insisted  on.  It  was  already  known,  or  at  least  sur- 
mised, that  unless  the  gases  were  as  completely  and  quickly 
expanded  as  possible,  much  of  the  energy  generated  in  the 
explosion  was  wasted.     Only  a  small  proportion  was  expended  on 

^  The  two  latter  defects,  although  to  a  certain  extent  controllable,  are 
found  more  or  less  even  in  modem  gas  motors. 
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the  piston  in  doing  work,  and  the  gases  escaped  at  too  high  a 
pressure.  It  was  evident  also,  since  small  cylinder  wall  surfaces 
were  desirable,  that  the  more  rapidly  the  piston  performed  ite 
stroke,  the  less  time  were  the  hot  gases  exposed  to  their  action. 


Lmioir. 


Beau  de  Bochas. 


Dugald  Clerk. 


Atkinson. 


Fig.  8.— Gas  Engine  Pioneers. 

"  Other  things  being  equal,"  says  Beau  de  Bochas,  ''  the  slower  the 
speed  the  greater  the  cooling.''  Moreover  the  higher  the  speed  of 
the  piston,  the  more  rapid  will  be  the  expansion. 

In  Beau  de  Rochas'  fourth  condition  a  principle  was  embodied 
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which  contains  the  essence  of  the  question,  and  the  true  secret 
of  economy  in  a  gas  engine.  The  ntilisation  of  the  elastic  force  of 
the  gases  by  prolonged  expansion  depended  upon  the  high  pressure 
of  the  charge,  and  this  pressure  could  not  be  realised  unless  the 
gas  and  air  were  compressed  previous  to  ignition.  Compression 
was  to  be  effected  while  the  gases  were  cold,  and  the  heat  thus 
applied  prolonged  the  expansion  by  increasing  their  pressure.  By 
thus  compressing  the  particles,  an  originally  larger  volume  of  the 
charge,  containing  more  gas,  can  be  introduced  per  stroke  into  the 
cylinder,  and  the  pressure  of  explosion  considerably  raised.  The 
advantages  of  compression  are  shown  by  the  &ct  that  the  greater 
the  pressure,  and  the  more  instantaneous  the  admission,  the  greater 
the  economy  within  certain  limits. 

Bean  de  Boohas'  Cycle.— To  obtain  these  results  Beau  de 
Rochas  considered  it  necessary  to  use  one  cylinder  only,  first,  that 
it  might  be  as  large  as  possible,  and  secondly,  to  reduce  the  piston 
friction.  In  this  cylinder  the  following  cycle  was  to  be  carried  out 
in  four  consecutive  piston  strokes  : — 

I.  Drawing  in  the  charge  of  gas  and  air. 

II.  Compression  of  the  gas  and  air. 

IIL  Ignition  at  the  dead  point,  with  subsequent  explosion  and 
expansion. 

lY.  Discharge  of  the  products  of  combustion  from  the  cylinder. 

By  ignition  of  the  charge  at  the  dead  point,  the  crank  obtained 
the  benefit  of  the  impulse  communicated  by  explosion  and  ex- 
pansion during  the  whole  of  a  forward  stroke.  This  was  not, 
however,  the  object  specially  aimed  at  by  Beau  de  Rochas.  He 
proposed  to  compress  the  gases  to  such  an  extent,  that  they  ignited 
spontaneously  at  the  dead  i)oint.  In  almost  all  modern  gas  engines 
ignition  at  the  dead  centre  is  now  considered  essentia),  though  it 
has  generally  been  found  difficult  to  ignite  the  gases  by  compression 
only.  Each  of  the  four  operations  generally  requires  one  stroke  of 
the  piston,  though  in  some  cases  compression  is  obtained  in  a 
separate  pump. 

This  cycle,  known  as  the  four-cycle  of  Beau  de  Rochas,  is  the 
one  now  chiefly  used  in  gas  motors.  It  differs  from  that  of  Camot 
because  it  is  not  a  perfect  or  theoretical,  but  a  practical,  cycle. 
Many  improvements  have  been  effected  in  the  mechanism  of  the 
gas  motor,  but  they  have  all  been  founded  on  the  sequence  of 
operations  and  the  working  conditions  described  by  Beau  de 
Rochas.  Next  to  compression,  the  most  valuable  innovations 
introduced  by  him  were,  carrying  out  all  the  operations  in  a  single 
motor  cylinder,  and  ignition  at  the  dead  point.  But  like  many 
other  scientific  innovators,  Beau  de  Rochas  was  in  advance  of  his 
time.  Fifteen  years  elapsed  before  what  Professor  Witz  aptly 
calls  "  the  programme  traced  of  what  ought  to  be  attempted  **  was 
actually  adopted,  although  now  its  merit  is  universally  recognised 
and  the  cycle  employed. 
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An  award  was  presented  to  the  veteran  worker  by  the  Soci^t^ 
d'Enoouragement  pour  rindustrie  Nationale  in  recognition  of  his 
valuable  labours  to  advance  the  knowledge  of  the  gas  engine,  and 
another  by  the  Academic  des  Sciences.  M.  Beau  de  Rochas  died 
in  1892.  A  translation  of  that  part  of  his  patent  which  relates 
to  gas  engine  cycles  will  be  found  in  the  Appendix.  On  page  38 
the  portraits  are  added  of  MM.  Lenoir  and  Beau  de  Rocbas,  Mr. 
Dugald  Clerk,  M.I.O.E.,  and  Mr.  Atkinson,  four  distinguished 
men  who  have  greatly  contributed  to  our  knowledge  of  gas 
engines. 


CHAPTER   IV. 
HISTORY  OF  THE  GAS  EllQWE-iCaruinued). 

CoNTBNTS.  — Otto  and  Langen  Eaffine—GiUes— Bisschop — Brayton — Simon- 
Clerk  Two-Cycle  Ensine— Beck  Six-Cycle  Type— Wittig  and  Heee— Com- 
pression Martini  Eany  Oas  Engine— Tangye— Various — Baldwin. 

The  construction  of  gas  engines  was  meanwhile  developed  in  a 
different  direction  to  that  indicated  by  Beau  de  Rochas.  As  it  was 
seen  that  the  expansion  in  the  engines  hitherto  produced  was 
insufficient,  an  attempt  was  made  to  improve  it  by  employing  a  free 
piston,  giving  in  theory  unlimited  expansion.  At  the  Paris 
Exhibition  of  1867  attention  was  drawn  to  an  engine  patented 
by  MM.  Otto  and  Langen  in  1866,  and  apparently  of  a  new  type, 
though  it  was  really  constructed  on  the  same  lines  as  that  of 
Barsanti  and  Matteucci.  It  seems  doubtful  whether  this  new 
engine  was  more  or  less  copied  from  the  Italians'  atmospheric 
motor,  or  whether  the  Germans  worked  independently.  In  any 
case  they  succeeded  in  making  a  practical  engine,  based  on  a  prin- 
ciple which,  owing  to  some  mechanical  defect,  had  been  relinquished. 

Otto  and  Langen. — In  their  main  features  the  German  and 
Italian  engines  were  identical.  At  that  time  the  idea  was  prevalent 
that  the  failure  of  the  Lenoir  and  Hugon  engines  was  due  to  the 
slow  movement  of  the  piston  after  ignition.  Scientific  men  were 
agreed  that  the  energy  generated  by  explosion  was  rapidly 
duninished  by  the  cooling  action  of  the  walls;  if  therefore 
expansion  was  retarded,  much  of  the  force  obtained  was  dissipated. 
Hence,  the  principle  of  the  Otto  and  Langen  engine  was  to  obtain 
the  most  i*apid  and  complete  expansion  possible  after  explosion. 
Theoretically  this  idea  was  right,  out  the  mechanical  difficulties  of 
working  it  out  have  never  been  completely  overcome,  and  though 
the  construction  of  the  engine  was  continued  for  some  years,  it  was 
eventually  abandoned. 

At  the  time  of  its  first  appearance,  the  Otto  and  Langen  was  the 
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most  economical  engine  yet  introduced.  Its  consumption  of  gas, 
always  comparatively  low,  was  ultimately  reduced  to  about  26  cubic 
feet  per  H.P.  per  hour.  About  5000  motors  were  constructed  in 
ten  years,  and  though  never  popular  in  France,  the  engine  was  at 
one  time  in  great  demand  in  England  and  Germany.  As  a  practical 
working  motor  it  was  not  satishtctory,  but  it  marked  an  epoch  as 
the  first  single-acting  engine,  and  the  first  in  which  economy  in 
consumption  of  gas  was  realised  as  a  consequence  of  better  expan- 
sion. It  was,  however,  large  for  the  power  generated,  noisy  and 
irregular  in  action,  and  the  very  rapid  ascent  of  the  piston 
caused  so  much  vibration,  that  it  could  only  be  used  for  small 
powers. 

Otto  and  Iiangen,  Single-Piston  Atmospheric  Engine. — 
Fig.  9  gives  a  sectional  elevation  of  this  engine.  A  is  the  long 
vertical  cylinder,  surrounded  at  the  bottom  with  a  water  jacket, 
and  open  at  the  top  to  the 
atmosphere.  P,  the  piston, 
is  shown  almost  at  the  end 
of  the  down  stroke.  C  is 
the  rack  in  lieu  of  a  piston- 
rod,  gearing  into  the 
toothed  wheel  T  on  the 
main  shaft  K.  The  slide 
valve  S,  worked  by  an 
eccentric,  O,  admits  the 
gas  and  air,  which  are 
ignited  by  a  flame  in  the 
slide  valve  cover,  and  also 
discharges  the  products 
into  the  exhaust  pipe. 
There  are  two  eccentrics 
side  by  side,  O  and  B ;  both 
are  connected  to  the 
auxiliary  shaft  M  during 
the  down  stroke,  but  run 
loose  on  the  up  stroke  of 
the  piston.  In  the  same 
way  the  wheel  T,  which  is 
also  free  of  the  shaft  during 
the  up  stroke,  becomes 
wedged  to  it  by  an  ingeni- 
ous clutch  arrangement 
as  the  piston  descends.  The 
action    of   the   Otto   and 

Langen    engine    necessi-     pjg,  o.^otto  and  Langen  Vertical  Engine- 
tates    the    use    of    three  Transverse  Section.     1866. 

special    mechanisms,    the 
friction  coupling  or  clutch  gear,  on  the  outer  wheel  T  of  the  main 


42 


OA8   ENOINEB. 


shaft,  the  device  for  lifting  the  piston  to  admit  a  fresh  charge, 
served  by  eccentric  B,  and  the  valve  motion  driven  by  eccentric  0. 
The  violence  of  the  explosion  in  a  free  piston  engine  is  so  great, 
that  much  care  is  necessary  to  make  the  clutch  act  freely  and 
instantaneously.  At  the  moment  when  the  movement  of  the  piston 
is  reversed,  the  whole  energy  of  the  engine  being  stored  up  in  it, 
the  least  recoil  might  result  in  an  accident.  This  was  one  reason 
why  the  Barsanti  and  Matteucci  engine  failed ;   the  ratchet  and 


Fig.  10. — Eugen  Langen. 


pawl  were  not  sufficiently  prompt  in  action.  The  clutch  gear  of 
the  Otto  and  Langen  engine,  shown  at  Fig.  9,  was  the  result  of 
careful  study,  and  formed  one  of  the  most  ingenious  parts  of  the 
engine.  Upon  the  main  shaft  K  there  is  a  circular  disc,  a,  which 
is  solidly  keyed  to  it,  and  carries  on  its  outer  edge  at  e  four  steel 
wedge-shaped  slips  or  projections.  The  inner  rim  of  the  outer 
toothed  wheel  T  is  hollowed  out  in  four  places  at  regular  intervals, 
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just  below  the  bolts  d,  and  corresponding  to  the  steel  wedges  e  upon 
the  disc  a.  In  each  of  the  grooves  thus  formed  are  three  small 
cjlindrical  rollers.  The  main  shaft  K  revolves  always  in  the 
direction  of  the  hands  of  a  clock.  When  the  piston  flies  up  with 
the  force  of  the  explosion,  and  drives  round  the  toothed  wheel  T  in 
the  opposite  direction,  the  rollers  run  loose  in  the  open  space  in  the 
wider  part  of  the  hollows,  and  no  pressure  being  exerted  on  the 
wedges  e,  the  connection  between  the  main  shaft  K  and  the  rack, 


Fig.  11.— Nicolaus  Otto. 


piston,  and  outer  toothed  wheel  T  is  severed.  The  piston  having 
reached  the  end  of  the  up  stroke,  begins  rapidly  to  descend  (motor 
stroke),  the  motion  ot  T  is  reversed,  and  it  also  revolves  in  the  same 
direction  as  the  motor  shaft.  The  rollers  are  driven  forward  into 
the  narrowest  part  of  the  space,  and  wedged  against  the  steel  slips  0, 
which  grip  the  solid  disc  a,  and  the  whole  mass  from  T  to  K  is 
driven  round  in  the  direction  of  the  descending  piston.    The  cooling 
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of  the  gases  below  the  piston  forms  a  yacuum,  but  this  is  coanter- 
acted  near  the  end  of  the  stroke  by  the  opening  of  the  exhjLost. 
Slight  compression  of  the  gases  of  combustion  takes  place  at;  tJie 
bottom  of  the  cylinder,  and  the  motion  of  the  piston  is  slackened. 
The  toothed  wheel  T,  therefore,  revolves  more  slowly  than  the 
main  shaft  and  disc  a ;  the  rollers  run  back,  and  loosen  their  £^p 
of  the  wedges,  and  before  the  piston  has  reached  the  end  of  tlie 
stroke,  the  motor  shaft  is  again  disconnected. 

The  working  of  the  eccentrics  driving  the  slide  valve  S  is  also 
shown  at  Fig.  12.  The  valve  is  somewhat  similar  in  principle  to 
Hugon's  flame  ignition  valve,  but  more  simple,  as  only  one  ignition 
per  up  stroke  or  per  revolution  is  required.  There  is  one  maizi 
port,  t,  Fig.  9,  leaaing  to  the  cylinder,  and  just  above  it  are  two 


Fig.  12.— Otto  and  Langen  Engine.     1866. 

small  openings,  h  and  j,  for  admitting  the  gas  and  air.  In  its 
lowest  position  the  slide  valve  port  forms  a  communication  between 
i  and  the  atmosphere,  the  exhaust  outlet  in  the  valve  cover  being 
closed  by  a  flap  valve,  which  is  lifted  only  when  the  pressure  in 
the  cylinder  is  greater  than  the  atmosphere — namely,  when  the 
piston  has  nearly  reached  the  bottom  of  its  stroke.  The  products 
of  combustion  being  thus  discharged,  the  slide  S  worked  by  the 
eccentric  O  begins  to  rise,  and  the  piston  with  it,  lifted  by  the 
other  eccentric  B ;  gas  and  air  enter  through  ;,  K  in  the  proportions 
of  9  to  1,  mix  and  pass  through  to  the  cavity  m.  CommunicatioQ 
is  now  made  between  m  and  the  outer  permanent  flame  /,  and  the 
mixture  of  gas  and  air  is  ignited.  The  upward  progress  of  the 
valve  shuts  off*  the  flame  at  /,  and  the  burning  gases  being  brought 
opposite  the  main  port  t  rush  into  the  cylinder,  explode,  and  drive 
up  the  piston. 
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Tbe  movement  of  the  two  eccentrics  O  and  B  is  given  by  the 
auxiliary  shaft  M,  on  which  is  fixed  a  ratchet  wheel,  W.  The 
eccentrics  are  set  to  each  other  at  an  angle  of  90%  and  run  loose  on 
the  shaft  daring  the  down  stroke.  Eccentric  O  carries  the  rod 
working  the  slide  valve  S,  B  has  a  bell  crank,  r,  working  on  a 
pivoty  and  a  lever,  N,  and  these  establish  the  connection  between 
the  eccentrics  and  the  auxiliary  shaft*  The  gases  being  ignited 
at  low  pressure,  the  ignition  by  flame,  as  in  ail  non-compressing 
engines,  worked  satisfactorily.  The  speed  was  regulated  by  a  ball 
governor.  If  the  speed  of  the  engine  exceeded  the  proper  limits, 
the  governor,  by  means  of  a  pawl  and  ratchet,  disconnected  the 
levers  working  the  slide  valve  and  piston,  and  no  charge  was 
admitted  until  the  speed  was  reduced. 

As  the  engine  was  single-acting,  working  open  to  the  atmosphere, 
the  heat  generated  was  not  so  great  as  in  the  earlier  motors.  The 
number  of  strokes  per  minute  being  relatively  small,  the  cylinder 
was  kept  comparatively  cool.  It  was  not  difficult  to  start  the 
engine,  a  few  turns  of  the  flywheel  being  sufficient  to  draw  in  the 
charge,  and  cause  it  to  ignite.     The  action  of  the  walls,  which  has 
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Fig.  IS.— Otto  and  Langen  Engine — Indicator  Diagram  (Clerk).    1866. 

80  injurious  an  efiPect  in  most  engines,  was  here  of  use.  During  the 
upstroke  the  walls,  by  rapidly  cooling  the  expanding  gases,  assisted 
in  forming  the  vacuum,  while  in  the  down  stroke  they  carried  oflT 
the  heat,  and  retarded  the  increase  of  pressure  below  the  piston. 

A  number  of  experiments  have  been  made  upon  the  Otto  and 
Langen  engine.  Of  these  the  best  known  is  Tresca's  trial  at  the 
Paris  Exhibition,  1867,  on  a  half  H.P.  engine,  when  the  consump- 
tion of  Paris  gas  was  44  cubic  feet  per  I.H.P.  per  hour.  Another 
series  of  experiments  was  made  in  1868  by  Meidinger  in  which  the 
gas  consumption  per  H.P.  per  hour  varied  from  49  to  29  cubic  feet» 

Fig.  13  shows  a  diagram  taken  during  a  trial  made  by  Mr. 
Bugald  Clerk. 

The  great  defect  of  the  Otto  and  Langen  engine  was  its  noisy 
and  unsteady  actibn,  due  to  the  rack  and  wheel,  and  the  excessive 
vibration  and  recoil.    Several  efforts  were  made  in  the  course  of 
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the  next  few  years  to  improve  upon  it,  though  the  working  prin- 
ciple remained  the  same. 

Qilles. — In  1874  an  engine  was  brought  out  by  Gilles,  with  two 
pistons  working  vertically,  one  above  the  other,  in  the  a&me 
cylinder ;  the  lower  was  the  motor,  and  the  upper  the  free  piston. 
The  explosion  of  the  gas  and  air  drove  up  the  latter  ;  the  workings 
piston  was  forced  up  into  the  vacuum  thus  formed  by  the  pressure 
of  the  atmosphere.  Two  drawings  of  the  engine  will  be  found  in. 
Schottler's  book. 

BiBSOhop. — A  useful  little  engine  for  small  powers,  which  wms 
popular  for  many  years,  although  now  no  longer  made,  was  intro- 
duced in  1870-72  by  Bisschop,  and  exhibited  at  Paris  in  1878.     It 
appeared  about  four  years  after  the  Otto  and  Langen  non-com- 
pression atmospheric  engine,  and  resembled  that  type  of  motor  in 
principle,  but  was  intended  specially  to  avoid  the  noise  and  recoil 
of  the  free  piston,  rack  and  clutch  gear.     The  charge  of  gas  and  air 
was    admitted    at   atmospheric    pressure,   and    the  force   of   the 
explosion  drove  up  the  piston,  but  it  was  attached  in  a  special  way 
to  the  crank,  and  did  not  run  free.     The  pressure  of  the  atmoe- 
phere,  and  the  energy  stored  up  in  the  flywheel,  then  forced  the 
piston  into  the  vacuum  formed  below  by  the  cooling  of  the  gases. 
The  action  of  the  walls  was  turned  to  good  account  by  reducing^ 
the  temperature  of  the  exhaust  gases,  and  helping  to  form  the 
vacuum.     In  a  certain  sense  the  Bisschop,  like  other  atmospheric 
engines,  may  be  called  double-acting,  the  force  of  the  explosion 
being  used  on  one  side  of  the  piston,  and  the  pressure  of  the  atmos- 
phere on  the  other. 

The  engine  had  a  vertical  unjacketed  cylinder  closed  at  both 
ends,  and  ribbed  externally  to  prevent  overheating.  Above  was  a 
crosshead  from  which  the  connecting-rod  worked  direct  on  to  the 
motor  shaft,  and  was  parallel  to  the  piston-rod  during  the  up 
stroke.  Explosion  occurred  immediately  after  the  piston  had 
passed  over  the  lower  dead  point.  The  shock  forced  up  the  piston 
rapidly,  the  crank  was  carried  round  through  more  than  half  a 
revolution,  and  expansion  was  practically  instantaneous.  The 
distribution  of  the  gas  and  air,  and  the  discharge  of  the  exhaust 
gases,  were  effected  by  a  trunk  piston  valve,  driven  from  an  eccen- 
tric on  the  crank  shaft.  Ignition  was  by  an  external  flame,  and 
the  little  engine  had  no  governor. 

Fig.  14  gives  a  sectional  elevation,  and  Fig.  15  a  section  of  the 
piston  valve.  The  parts  are  lettered  alike  in  the  two  drawings ; 
the  piston  valve  admits,  distributes,  and  expels  the  charge.  A  is 
the  motor  cylinder  and  P  the  piston,  c  is  the  connecting-rod  and  0 
the  crank,  K  the  crank  shaft.  G  is  the  crosshead,  and  r  the  piston- 
rod  working  in  it.  In  Fig.  14  the  piston  is  half  way  through  the 
up  stroke.  The  eccentric  e  on  the  crank  shaft  drives  the  piston 
valve  p  (Fig.  15)  through  lever  L  The  exhaust  is  seen  at  E ;  A;  is 
the  small  opening  about  half  way  up  the  cylinder,  covered  by  a 
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flap  valve ;  an  external  flame  bums  behind  it  at  ti,  and  at  o  is  a 
second  auxiliary  flame  to  rekindle  the  other  when  blown  out 
Fig.  15  shows  the  air  valve  with  the  holes  for  regulating  the 
supply,  and  the  action  of  the  piston  valve  p  ;  the  gas  enters  at  % 
(Fig.   14). 


Fig.  14. — Bisschop  Engin 
Sectional  Eleyation.     1870. 


Fig.  15. — Bisschop  Engine — 
Section  of  Piston  Valve. 


IDeutz  Eng^e. — MM.  Otto  and  Langen  had  hj  this  time  formed 
-their  business  into  a  company  at  Deutz,  near  Cologne,  and  the  firm 
iB^aa  henceforth  known  as  the  "  Gas-Motoren  Fabrik  Deutz."  They 
had  been  working  incessantly  to  improve  their  engine,  but  after 
introducing  several  modifications,  they  finally  abandoned  altogether 
the  idea  of  a  free  piston.  At  the  Paris  Exhibition  of  1878  they 
brought  out  the  celebrated  Otto  engine,  described  in  Chapter  vi., 
which  rapidly  superseded  their  former  and  all  other  motors,  and 
created  a  revolution  in  the  construction  of  gas  engines. 

Bra3rton. — This  American  gas  engine  was  introduced  by 
Brayton  at  Philadelphia  in  1873.  In  1878  Messrs.  Simon,  of 
Nottingham,  brought  out  the  motor  in  England.  As  in  the  Otto, 
the  charge  was  compressed,  but  otherwise  this  engine  differed  from 
all  earlier  types,  andiillustrated  the  principle  of  ignition  at  constant 
pressure^  instead  of  at  constant  volume.  It  was  a  single-acting, 
two-cycle  motor,  with  an  impulse  at  every  revolution.  After  com- 
pression in  a  separate  pnmp,  the  gas  and  air  were  delivered  into 
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the  motor  cylinder,  but  they  were  not  admitted  cold  and  then 
ignited  and  exploded,  according  to  the  usual  cycle  of  operations. 
A  small  flame  in  direct  communication  with  the  cylinder  waa  kept 
constantly  alight,  and  kindled  the  gases  as  they  passed  it.  Thus 
they  were  gradually  ignited,  and  entering  as  flame,  drove  the 
piaton  forward,  not  by  the  pressure  of  explosion,  but  of  combus- 
tion. The  heat  was  imparted  to  the  gas  at  constant  pressure — 
that  isf  the  piston  moved  as  soon  as  the  flames  began  to  enter 
the  cylinder^  but  there  waa  no  sudden  explosion.      A  wire  gauze 

was  fixed  behind  the 
light,  to  prevent  the 
flame  from  striking 
back  into  the  com- 
pression cylinder. 
This  method  of  igni- 
tion worked  well  as 
long  as  the  wire  gauze 
remained  intact,  but 
it  was  liable  to  burn 
into  holes,  and  if  the 
gases  found  their  way 
back  through  any 
aperture,  an  explosion 
followed,  and  the  light 
was  extinguished.  On 
this  account  Brayton 
abandoned  the  use  of 
gas  in  his  engine,  and 
substituted  petroleum 
vapour.  A  descrip- 
tion of  this  later  en- 
gine will  be  found  at 
p.  321. 

Simon. — To  this 
gas  engine  Messrs. 
Simon  added  a  small 
boiler  above  the  cylin- 
der, the  water  in 
which  was  evapor- 
ated   by    the     heat 


Fig.  16,— million  Vertical  Engine. 


1S77. 


from  the  exhaust  gases.  The  engine,*  first  exhibited  at  Paris  in 
1878,  was  vertical  and  single-acting.  The  steam  injected  into 
the  motor  cylinder  increased  the  expansive  force  of  the  gases,  and 
helped  to  lubricate  the  piston.  This  idea  was  not  a  novelty.  It 
had  been  tried  by  Hugon^  but  neither  his  engine  nor  the  Simon 
waa  practically  improved  by  it.  On  thia  point  Professor  Schottler 
pertinently  aaks-^**  Whether  it  can  be  considered  an  advantage, 
♦  Partly  founded  on  Mr,  Beechey's  design. 
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since  the  gas  engine  is  expressly  designed  to  avoid  the  defects 
and  dangers  of  a  steam  boiler,  to  sdd  the  latter  to  it  t " 

Fig.  16  gives  a  section  of  the  engine ;  a  description  will  explain 
the  method  of  working.  Like  the  Brayton,  it  is  a  two-cycle 
engine.  A  is  the  motor,  B  the  pump  cylinder,  and  K  the  crank 
shaft.  Gas  and  air  are  admitted  by  the  slide  valve  S^  at  the  top 
of  the  pamp  cylinder,  and  drawn  in  through  the  valve  a  at  the 
down  stroke  of  the  piston ;  the  up  stroke  compresses  and  drives 
them  through  another  valve  b  into  the  receiver  c.  From  here 
they  pass  into  the  motor  cylinder  A,  through  the  slide  valve 
S  ;  J  is  a  gas  jet  burning  continually  in  front  of  a  wire  gauze,  at 
which  the  gases  are  ignited  in  their  passage,  and  by  their  expansion 
drive  down  the  piston  P.  The  exhaust  is  worked  by  the  slide 
valve  d,  driven  from  the  main  shaft.  The  products  of  combustion 
are  led  through  the  coiled  tubes  e  in  the  small  boiler  F,  before 
discharging  into  the  atmosphere.  As  soon  as  some  of  the  water 
in  the  boiler  is  evaporated  by  the  heat  of  the  exhaust  gases,  the 
steam  passes  through  the  pipe  /  and  slide  valve  S  into  the  motor 
cylinder.  A  small  cam,  h,  on  the  governor  G  acts  upon  the  slide 
valve  82  for  admitting  the  gas  and  air,  and  cuts  off  the  admission 
entirely,  as  soon  as  the  speed  of  the  engine  becomes  too  great; 
this  is  shown  in  Fig.  16. 

Several  experiments  have  been  made  upon  the  Bray  ton  and 
Simon  engines.  In  1873  Professor  Thurston  tested  a  Brayton 
engine  in  America,  of  5  nominal  H.P.,  and  found  that  the  maxi- 
mum pressure  in  the  cylinder  was  about  75  lbs.  per  square 
inch  at  the  beginning  of  the  stroke,  decreasing  to  66  lbs.  at  the 
cut-off.  The  indicated 
H.P.  was  8-62,  brake 
power  3-98,  and  con- 
sumption of  gas  32  cubic 
feet  per  I. H.P.  per  hour; 
but  the  power  used  for 
driving  the  pump  caused 
the  effective  horse-power 
to  be  less  than  half  the 
indicated.  Deducting 
this,  Mr.  Clerk  calculates 
the  expenditure  at  55*2 
cubic  feet  per  I.H.P.  per 
hour.  Another  experi- 
ment made  by  Mr. 
M*Mutrie,     of     Boston, 


Fig.  17.— Bnyton  Gas  Engine— 
Indicator  Diagram. 


Fig.  18. — Simon  Engine — Indicator  Diagram. 


showed  a  maximum  pressure  in  the  cylinder  of  68  lbs.  per  square 
inch,  the  piston  speed  was  180  feet  per  minute,  and  the  total  power 
developed  9  LH.P.,  the  friction  and  other  resistance  amounting  to 
nearly  5  I.H.P.  Fig.  17  shows  a  diagram  of  this  trial.  The 
diagram  of  a  Simon  engine  at  Fig.  18  was  taken  by  Dr.  Slaby. 
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In  tL  liiatory  of  the  development  of  the  gas  ennne  it  is  important 
to  study,  not  onlj  modern  working  motors,  out  those  engines 
which,  although  no  longer  made,  were  good  in  design  and  principle. 
During  the  last  twenty  years  many  have  been  brought  out,  excellent 
in  theory  and  often  in  workmanship,  which  have  not  permanently 
aucjceeded  only  because  they  were  found  to  infringe  previous 
patents,  nr  were  superseded  by  more  practical  types.  None  of  these 
engines  date  earlier  than  1878.  In  describing  them  it  will  no  longer 
be  necessary  to  distinguish  between  single-acting  and  double-acting 
engines.  The  double-acting  type  of  motor,  in  which  the  charge  was 
introduced  alternately  at  either  end  of  the  closed  cylinder,  was 
abandoned  after  the  failure  of  the  Hugon,  for  reasons  already  given. 
Since  that  period  no  engines  of  this  kind  have,  to  the  author's 
koowledge,  oeen  constructed,  with  the  exception  of  the  Griffin  and 
one  or  two  foreign  motors.  All  others  are  single-acting,  or  admit 
the  charge  at  one  end  only  of  the  single  cylinder. 

With  the  advent  of  the  Otto  gas  engine,  a  new  era  began.  Until 
the  appearance  of  this  motor  in  1876,  not  one  of  the  many  engines 
produced  had  utilised  the  cycle  of  operations  indicated,  many  years 
be  fore  f  as  the  best  and  most  economical  by  Beau  de  Rochas. 
Neither  invention  nor  practical  application  were  wanting,  and  as 
none  had  proved  a  real  success,  we  may  at  least  assume  that  their 
failure  was  due  partly  to  the  neglect  of  this  cycle.  It  was  Otto's 
special  merit  that  he  was  skilful  enough  to  put  the  principles  of  the 
French  savant  into  working  operation,  and  the  success  of  his  engine 
proved  their  value.  It  has,  however,  defects,  which  in  a  few  years 
began  to  be  generally  recognised.  As  in  all  other  gas  engines, 
expansion  is  not  complete,  and  the  gases  are  discharged  at  a 
relatively  high  temperature  and  pressure.  The  engine  has  only  one 
explosion  and  one  motor  stroke  in  four — that  is,  three  strokes  out 
of  every  four  of  which  the  cycle  consists,  are  spent  in  negative,  and 
one  in  positive  work.  It  is  a  four-cycle  motor,  and  an  impulse  is 
obtained  for  every  two  revolutions. 

Clerk,— It  was  to  remedy  the  second  defect,  the  one  working 
stroke  iQ  fourj  that  Mr.  Clerk  applied  himself,  in  the  important 
two-cycle  engine  he  produced  and  exhibited  in  1880.  Its  special 
feature  was  that  an  explosion  at  every  revolution  was  obtained.  Of 
the  four  operations  of  the  cycle.  Clerk  proposed  to  transfer  the  first 
only,  admission,  to  an  auxiliary  cylinder  called  the  displacer,  into 
which  the  gas  and  air  were  drawn,  slightly  compressed,  and  de- 
livered into  the  working  cylinder.  Here  they  drove  out  before 
them  the  products  of  combustion.  The  motor  piston  in  returning 
com  pressed  this  charge  into  a  chamber  at  the  further  end  of  the 
cylinder.  It  was  then  fired  and  drove  the  piston  forward,  the  dis- 
placer piston  taking  in  a  fresh  charge  of  gas  and  air.  The  exhaust 
ports  in  the  front  part  of  the  cylinder  were  uncovered  by  the  piston 
as  it  moved  out.  The  discharge  of  the  exhaust  gases  constitutes 
another  fundamental  difierence  between  the  Otto  and  the  Clerk 
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engines.  Otto  considered  that  the  presence  of  a  certain  quantity 
of  unbnmt  gases,  by  retarding  the  progress  of  combustion,  con- 
tributed to  the  efficiency  of  his  engine.  Clerk  held  that  this 
residuum  of  unconsumed  gas  was  highly  injurious  to  the  fresh 
chaise,  which  it  diluted,  and  rendered  more  difficult  to  ignite. 
If  the  motor  cylinder  were  previously  cleansed,  as  far  as  possible, 
of  the  products  of  combustion,  a  weaker  mixture  might  be  used 
for  the  charge,  and  more  perfect  ignition  and  greater  economy 
obtained. 


Fig.  19.— Clerk  Bngine— SeotioDal  Elevation.     1880. 

Figs.  19  and  20  give  a  sectional  elevation  and  plan  of  the  Olerk 
engine.  A  is  the  motor  cylinder  with  piston  P,  B  is  the  displacer 
cylinder  with  piston  D,  which  is  set  on  the  crank  at  an  angle  of  90* 
in  advance  of  the  motor  piston,  G  is  the  conical  compression  space 
at  the  back  of  cylinder  A.  There  are  two  automatic  lift  valves^ 
shown  at  Fig.  19,  H,  from  which  the  gas  and  air  pass  through  the 
pipe  W  (Fig  20)  into  the  displacer  cylinder,  and  F,  which  is  raised 
to  admit  the  charge  under  slight  pressure  into  cylinder  A.  Both 
the  valves  are  provided  with  "  quieting  pistons,"  to  prevent  any 
noise  or  shock.  The  ignition  slide  valve  S  has  a  flame  o  which  is 
continually  relit  from  the  permanent  Bunsen  burner  at  6.  Near 
the  front  of  the  motor  cylinder  are  the  two  exhaust  ports  E^  and 
^  uncovered  by  the  piston  P  when  it  reaches  the  end  of  its  stroke, 
snd  from  whence  the  gases  of  combustion  pass  into  the  discharge 
pipeR 
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The  action  of  the  engine  is  as  follows ; — The  piston  D  of  the 
dieplacer  moves  out,  and  draws  in  a  charge  of  gas  and  air  throu^ 
H.  The  seat  of  this  valve  is  pierced  with  holes  to  admit  gas  from 
the  iupply  pipe,  the  forward  movement  of  the  diaplacer  piston 
lifts  the  valve,  the  air  enters  from  chamber  R  below ^  and  mixes 
thoroughly  with  the  gns  penetrating  through  the  holes.  The 
number  and  size  of  the  holes,  in  proportion  to  the  lifting  area  of 
the  valve,  regulate  the  supply  of  gas,  and  therefore  the  richness  of 
the  mixture.  The  air  valve  H  falls  back  on  its  scat  by  ita  o'wn 
weight,  but  the  gas  supply  is  cut  off  before  the  piston  D  baa  quite 
reached  the  end  of  its   stroke.      The  last  part,  therefore,  of  the 
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Fig.  20.— Clerk  Engine— Sectional  Plan.     18SD. 

charge  in  the  diaplacer  cylinder,  ftrst  expelled  as  the  piston  begins 
to  return,  is  pure  air.  JVIean while  the  out  stroke  of  the  motor 
piiJton  hflR  begun,  at  an  angle  of  UO"  behind  that  of  the  displacer, 
and  near  the  end  of  the  stroke  the  exhaust  ports  Ej  and  Ej  are 
uncovered.  The  pressure  inside  the  motor  cylinder  is  immediately 
reduced  to  that  of  the  atmosphere.  The  displacer  piston  has 
already  nearly  completed  its  return  stroke,  and  the  slight  pressure 
exerted  on  the  charge  is  sufficient  to  lift  the  automatic  valve 
F,  and  to  admit  the  ^*^as  and  air  into  the  conical  chamber  G,  at  the 
end  of  the  motor  cylinder.  As  the  motor  piston  passes  over  the 
exhaust  ports,  the  fresh  charge  entering  from  the  cool  displacer, 
and  immediately  expanded  by  the  heat  of  the  motor  cylinder, 
drives  out  the  products  of  conibustion  before  it.  Mr,  Clerk 
admits  that  a  Email  part  of  the  fresh  charge  escapes  with  them,  but, 
owing  to  the  arrangement  of  the  admission  valves,  this  is  mostly 
pure  air.  The  motor  ]nston  in  returning  first  covers  the  exhaust 
ports,  the  valve  F  is  instantly  closed  by  a  spring,  and  admission 
from  the  pump  cylinder  cut  off.  The  mixture  is  then  compressed 
into  the  chamber  G,  while  the  displacer  piston  begins  the  out 
stroke,  and  takes  in  a  fresh  charge. 

Ignition  fallows  by  a  tlame  in  the  slide  valve  8.  The  method 
adopted^  shown  in  Fig.  20,  but  more  clearly  in  Fig.  *21j  differs 
from  that  used  in  engines  having  only  one  motor  stroke  in  four,, 
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because  an  ignition  is  required  at  every  stroke.  The  small  com- 
bustion chamber  or  cavity  1,  Fig.  21,  in  slide  valve  S,  has  two 
openings.  On  one  side  it  communicates  with  the  Bunsen  burner 
b  through  the  port  2,  on  the  other  by  port  3  with  the  outer  air,  or 
with  the  explosion  port  of  the  cylinder,  according  to  the  position 
of  the  slide.  A  small  portion  of  the  compressed  mixture  is 
admitted  from  the  explosion  port  5,  through  an  opening  4,  into 
a  grooved  hollow  in  the  slide 
valve,  and  is  carried  round  to  the 
cavity  or  chamber  1,  which  it 
enters  behind  a  grating,  7.  At 
8  is  shown  the  pin  in  the  slide 
regulating  the  supply  of  gas  to 
the  grating.  At  the  moment  when 
port  2  of  the  cavity  is  open  to  the 
Bunsen  jet  burning  against  the 
face  of  the  valve,  port  3  com- 
municates through  6  with  the 
outer  air.  The  gases  ignite  gradu- 
ally as  they  enter  the  cavity 
through  the  grating,  the  products 
of  combustion  discharging  into 
the  atmosphere,  and  the  gases 
being  fed  with  air  through  port  6. 
As  the  slide  moves  up,  carrying 
the  burning  mixture,  port  2  is 
closed  and  the  flame  cut  off,  and  port  3  is  brought  opposite  the 
cylinder  explosion  port.  Explosion  follows  at  the  inner  dead  point, 
the  piston  is  driven  forward,  the  displacer  takes  in  a  fresh  charge, 
and  the  cycle  is  repeated.  The  volume  of  the  two  cylinders  is  so 
proportioned  in  this  engine  as  to  prevent  the  escape  of  any  con- 
siderable part  of  the  incoming  charge  with  the  exhaust  gases.  The 
mixture  originally  admitted  is  in  the  proportion  of  1  part  of  gas 
to  8  of  air,  but  a  small  part  of  the  products  of  combustion  remains 
in  the  cylinder,  and  mixes  with  it.  The  composition  of  the  actual 
charge  is,  therefore,  1  of  gas  to  10  of  air  and  products. 

Clerk  Gk)vernor. — The  governor  in  the  Clerk  engine  is  simple. 
Between  the  upper  and  lower  lifting  valves  for  admitting  the 
charge  to  the  motor  and  displacer  cylinders  is  a  gridiron  slide. 
While  the  engine  is  working  under  normal  conditions,  this  is 
kept  open  during  the  charging  stroke  by  a  spring  and  lever, 
worked  from  the  slide  valve  S  ;  but  if  the  speed  becomes  too  great, 
the  balls  of  the  governor  moving  out  raise  a  lever,  which  catches 
into  the  lever  moving  the  gridiron  valve,  and  lifts  it.  The 
'Valve  is  drawn  forward  and  closed,  and  the  admission  of  gas  and 
air  wholly  cut  off. 

For  starting,  a  special  apparatus  was  designed  by  Mr.  Clerk. 
The  pipe  through  which  the  gases  pass  from  the  displacer  to  the 


Fig.  21. — Clerk  Engine — Ignition 
Valve.     1880. 
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motor  cylinder  communicates  with  a  small  reservoir^  into  which  a 
supply  of  gas  and  air  is  forced  while  the  engine  is  running,  and 
compressed  to  60  lbs.  per  square  inch.  To  start  the  engine,  the 
crank  is  brought  round  to  the  inner  dead  point,  and  communica- 
tion established  between  the  two  cylinders  and  the  reservoir.  The 
compressed  air  thus  admitted  drives  back  the  displacer  piston  to 
take  in  a  charge,  and  the  motor  to  uncover  the  exhaust  ports. 

Tests  and  experiments  on  the  Olerk  engine  have  been  made  by 
the  inventor  and  the  makers.  The  engines  varied  from  2  H.P. 
to  12  H.P.,  and  the  number  of  revolutions  from  212  to  132. 
With  the  2  H.P.  engine  the  average  pressure  in  the  cylinder  was 
43*2  lbs.  per  square  inch,  and  the  consumption  of  gas  per  I.H.P. 
per  hour  29*8  cubic  feet;  in  the  4  H.P.  the  average  pressure  was 
63*9  lbs.,  and  the  gas  consumption  24*19  cubic  feet.  The  8  H.P. 
engine  gave  an  average  pressure  of  60-3  lbs.  per  square  inch,  and 
a  gas  consumption  of  20*94  cubic  feet;  while  in  the  larger  12  H.P. 


Fig.  22.— Clerk  12  H.P.  Indicator  Diagram. 

engine,  the  diagram  of  which  is  shown  at  Fig.  22,  the  gas  con- 
sumption was  20*39  cubic  feet,  with  an  average  pressure  of  648 
lbs.  Glasgow  gas  was  used  in  these  trials.  The  heat  efficiency 
per  B.H.P.  varied  from  10  per  cent,  to  13  per  cent.  (See  Table 
No.  1  at  end  of  book.) 

Although  good  in  theory  and  practice  the  Clerk  engine  did  not 
completely  overcome  the  defect  of  the  Otto  and  many  other  gas 
engines,  the  want  of  sufficient  expansion.  As  the  exhaust  ports 
opened  when  the  motor  piston  had  passed  through  three-quarters  of 
its  stroke,  expansion  was  necessarily  limited.  This  was  a  disadvan- 
tage, but  the  engine,  though  it  has  not  been  made  for  many  years, 
was  more  economical  in  working  than  previous  motors. 

Beck  Six-Cycle  Type. — The  Beck  engine  is  the  first  example 
of  a  new  cycle  of  operations.  It  belongs  neither  to  the  original 
double-acting  two-cycle  type,  giving  an  explosion  every  revolution, 
nor  to  the  four-cycle  type  of  Beau  de  Rochas,  but  is  known  as  a 
six-cycle  engine.  In  other  words,  there  is  an  explosion  every  sixth 
stroke,  or  the  piston  makes  three  forward  and  three  return  strokes 
for  three  revolutions  of  the  crank.  The  object  of  thus  lengthening 
the  ordinary  sequence  of  operations  is  to  drive  out  more  completely 
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the  prodacts  of  combustion  by  introducing,  between  every  ex- 
plosion and  motor  stroke,  one  stroke,  forwa^  and  return,  called  a 
*' scavenger  charge,"  during  which  pure  air  is  drawn  in  and  expelled 
Engineers  are  still  divided  in  opinion  respecting  the  best  metliod 
of  disposing  of  the  products  of  combustion.  By  Otto  they  were 
purposely  retained,  in  order  to  diminish  the  force  of  the  explosion, 
and  he  and  others  thought  that  there  was  an  advantage  in  diluting 
the  incoming  charge  with  the  burnt  gases.  Others  are  so  strongly 
convinced  of  the  injurious  effect  of  leaving  behind  any  portion  of 
the  products  of  combustion  that  they  sacrifice  a  complete  stroke  to 
get  rid  of  them,  and  maintain  that,  the  cylinder  being  thoroughly 
cleansed,  the  incoming  charge  is  so  pure  that  a  much  weaker 
mixture  may  be  employed.  With  only  one  explosion  every  six 
strokes,  there  is,  of  course,  great  difficulty  in  regulating  the  speed 
of  the  engine,  and  the  cooling  action  on  the  cylinder  walls  of  the 
charge  of  fresh  air  is  also  considerable.  For  these  reasons  the  six- 
cycle  type  has  found  little  favour,  and  is  now  seldom  seen.  It  is 
best  adapted  to  double-acting  engines,  adjusted  to  give  an  explo- 
sion every  three  strokes,  first  at  one,  then  at  the  other  side  of  the 
piston. 

The  Beck  engine  was  of  the  original  six-cycle  type,  single-acting, 
single-cylinder,  and  gave  one  explosion  per  six  strokes.  The 
working  cycle  of  operations  was  as  follows : — 

R«ii.  of 
Cnnk. 

/First  stroke,  /Admission  of 

)      forward.  )     charge. 

]  Second  stroke,  \  (Compression  of 

\     return.  v     charge. 

/  Third  stroke,  /  Ignition,  explosion, 

I      forward.  I     expansion. 

I  ^o^h  stroke,  )  Discharge  and  ex-  >; 

V     return.  V     ^aust. 

/ Fifth  stroke,  /Admission  of  pure 

•    )     forward.  )     air. 

^  Sixth  stroke,  |  Discharge  of  air  to 

\     return.  \     atmosphere. 

Except  with  regard  to  the  scavenger  charge  of  pure  air,  the 
engine  resembled  the  Otto.  Admission  and  ignition  were  effected 
by  a  slide  valve  adjusted  to  make  one-third  as  many  strokes  as  the 
motor  piston.  The  compression  space  was  separated  from  the 
water  jacket  by  a  cylindrical  layer  of  non-conducting  materials, 
and  the  mixture  was  thus  ignited  in  a  chamber  kept  continually  at 
a  high  temperature.  By  introducing  the  scavenger  charge  of  pure 
air,  and  by  adjusting  the  admission  valves,  the  richest  mixture 
entered  the  cylinder  first,  and  the  poorest  was  retained  round  the 
ignition  port.  An  electrical  governor  was  used,  and  the  intensity 
of  the  current  was  made  to  vary  with  the  speed  of  the  engine,  the 
admission  of  gas  being  either  throttled  or  wholly  cut  off. 
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power. 
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Be  ok  T  rials » — A  teries  of  very  careful  experiments  upon  a  4 
H.P,  noniiQal  Beck  engine  were  made  in  London  by  Dr.  Kennedy, 
F>R8.,  in  IbSt^.  The  indicated  and  brake  power,  speed,  consamp- 
tian  of  gaSf  and  jacket  water  were  all  carefully  observed  in  six 

successiye  trials.  Two  of 
these  were  made  at  full 
power  and  at  full  speed,  at 
206  and  212  revolutions 
per  minute,  the  next  two 
at  a  mean  speed  of  166  re- 
volutions, the  fifth  at  180 
revolutions,  and  the  sixth 
with  the  engine  running 
empty.  The  highest  power 
developed  was  8  I.H.P., 
with  6-3  B.H.P.,  and  the 
maximum  pressure  during 
the  working  stroke  was 
74-6  lbs.  The  B.H. P.  varied 
from  6-31,  with  206-5  re- 
volutions, to  4*84,  with 
169  revolutions.  The  aver- 
age consumption  of  gas  was 
21-42  cubic  feet  per  I.H.P., 
and  26*79  cubic  feet  per 
B.H.P.  per  hour.  The 
calori^c  v»lue  of  the  gas  used  was  611  thermal  units  per  cubic  foot. 
An  indicator  diflgratn  of  this  trial  is  given  at  Fig.  23. 

Wittig  Sl  Hees. — This  vertical  engine  was  made  for  some  time  in 
Germany,  and  test^nl  by  Professor  Schottler  in  1881.  It  was  a 
two-cycle  engine,  of  the  same  typt?  as  the  Clerk,  with  pump  and 
motor  cylinders,  between  which  the  Beau  de  Bochas  cycle  of 
operations  was  divided.  Ignition  was  by  an  external  flame  in  the 
slide  cover,  which  communicated  with  the  charge  in  the  cylinder 
through  a  port  in  the  slide  valve. 

Compression. — In  the  engines  hitherto  described,  expansion  of 
the  charge  during  one  forward  stroke,  or  part  of  a  stroke,  was  only 
in  the  same  ratio  as  the  other  Q|>erations.  Of  the  two  great  improve- 
ments on  the  original  type,  compression  and  expansion,  the  first, 
compre-^sion  of  tVie  gas  and  air  after  admission,  already  formed  a 
part  of  ivhuost  every  cycle,  but  expansion  was  still  imperfect.  Even 
nowj  inventors  have  not  succeeded  in  increasing  it  so  as  to  utilise  to 
the  utmost  the  high  pressures  and  temperatures  obtained.  Various 
schemes  have  been  proposed,  and  methods  suggested  to  remedy  this 
defect,  which,  with  its  correlative  loss  of  heat,  still  remains  one  of 
the  difficulties  of  gas  and  oil  engines.  Two  attempts  to  solve  the 
problem  were  nifiSe  in  tlie  Seraine  and  the  Sturgeon  engines; 
drawings  of  both  will  be  found  in  Bchbttler's  book  (2nd  edition). 


Fig  23,— Beck  Engine —Indicator 
iMagram.     1888. 
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Martmi. — ^This  engine,  patented  in  1883,  and  shown  at  the  Paris 
Sziiibition  of  1889,  presents  an  interesting  development  of  the  idea 
of  increased  expansion.  It  is  a  four-cycle  motor,  in  which  admission 
and  compression  are  effected  daring  one  reyolution  with  a  shorter 
stroke,  and  expansion  and  exhaust  during  the  next  with  a  longer 
stroke.  A  larger  circle  is  described  by  the  crank  during  expansion 
and  exhaust,  and  a  smaller  circle  during  admission  and  com- 
pression, and  the  length  of  either  stroke  can  be  modified  Thus 
the  piston  approaches  the  explosion  end  of  the  cylinder  more 
nearly  daring  compression  than  during  exhaust.  Drawings  of  this 
curious  engine,  which  bears  much  resemblance  to  the  Atkinson 
^* Cycle"  motor,  are  giren  in  M.  Richard's*  book. 

Tangye. — A  compact  and  handy  horizontal  two-cycle  motor, 
resembling  the  Clerk  in  certain  respects,  was  formerly  constructed 
by  Messrs.  Tangye  of  Birmingham.  There  was  one  cylinder  closed 
at  both  ends,  and  the  piston-rod  worked  through  a  stuffing-box. 
Explosion  took  place  at  the  back  end  of  the  cylinder,  furthest  from 
the  crank,  and  with  the  help  of  an  auxiliary  chamber,  an  impulse 
every  revolution  was  obtained.  At  the  crank  end  the  charge  was 
admitted  at  atmospheric,  and  passed  on  at  slightly  increased  pressure 
into  an  auxiliary  chamber,  from  which  it  was  drawn  in  at  the  other 
end  of  the  cylinder,  compressed,  ignited,  and  expanded.  The 
openings  for  the  exhaust  were  at  the  crank  end.  Thus  on  the 
crank  face  of  the  piston  the  return  stroke  admitted  the  mixture  of 
gas  and  air,  and  the  forward  (expansion)  stroke  compressed  it  into 
the  auxiliary  chamber.  At  the  end  of  this  stroke  the  piston  overran 
the  exhaust  ports,  reduced  the  pressure  in  the  cylinder  below 
atmosphere,  and  communication  between  it  and  the  receiver  was 
established.  A  fresh  charge  entered,  drove  out  the  products  of  opm- 
bustion,  and  was  compressed  by  the  return  stroke,  and  ignition  at 
the  dead  point  followed.  Thus  one  revolution  completed  the  whole 
working  cycle,  and  by  storing  up  the  pressure  in  an  intermediate 
receiver,  and  utilising  both  faces  of  the  piston,  one  explosion  per 
revolution  was  obtained.  A  drawing  of  this  ingenious  little  engine 
is  given  by  Clerk. f  The  makers  have  now  adopted  the  usual  Otto 
type,  as  described  in  the  modern  section. 

VarioxLB. — Several  small  gas  motors,  including  the  Economic, 
Bonier  and  Lamart,  and  the  Forest,  were  brought  out  abroad  about 
eighteen  years  ago,  though  they  do  not  appear  to  have  found  their 
way  into  England.  In  all  of  them  the  charge  was  introduced  at 
atmospheric  pressure.  It  was  difficult  at  that  time,  without 
infringing  the  Otto  patent,  to  produce  single  cylinder  engines  using 
compression.  For  small  powers,  therefore,  compression  and  the 
resulting  economy  not  being  of  so  much  importance  as  simplicity, 
the  easier  method  of  firing  the  charge  without  previous  compression 
was  preferred.      As  the   temperature  in  the   cylinder  was  thus 

*  Lea  Moleura  a  Oaz.    Par  6.  Richard,  Paris. 
t  Qerk,  TJie  Gaa  Engine,  p.  196. 
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reduced,  a  water  jacket  could  be  dispensed  with,  and  the  cylinder 
were  ribbed  externally  to  afford  a  larger  cooling  surface  to  the  air 

Drawings  of  the  Forest  engine  are  given  by  Schottler  and  Witz 
and  the  Economic  by  Witz.*  A  description  of  the  Benier  aii 
engine  will  be  found  in  Part  III.,  and  his  modem  gas  engine  ai 
p.  127.  The  Noel  and  the  Durand,  both  made  only  for  smal 
powers,  also  achieved  a  certain  measure  of  success  in  France,  anc 
were  exhibited  at  Paris  in  1889.  The  Durand  was  adapted  foi 
working  either  with  gas  or  carburetted  air,  and  the  inventor  gave 
much  study  to  the  subject. 

Baldwin. — This  was  an  interesting  engine  of  the  Clerk  tyi^e. 
introduced  from  America  in  1883.  It  had  one  horizontal  cylindei 
divided  into  two  parts,  the  back  forming  the  motor  end,  and  the 
front  the  pump.  Ignition  was  effected  electrically  from  a  small 
dynamo  driven  from  the  main  shaft.  Three  different  methods 
were  employed  to  regulate  the  speed,  first,  by  diminishing  the 
volume  of  the  mixture,  secondly,  by  partial,  and  thirdly,  by  tota 
suppression  of  the  gas,  according  to  the  greater  or  less  excess  o: 
speed.     A  drawing  of  the  engine  is  given  by  Witz,  voL  L,  p.  254. 

A  short  description  of  many  other  small  gas  engines,  now  onl} 
of  historical  interest,  will  be  found  in  the  first  and  second  editiom 
of  this  book,  to  which  readers  desirous  of  studying  the  subject 
are  referred. 


CHAPTER     V. 
THE  ATKINSON,  GRIFFIN,  AND  STOCKPORT  ENGINES. 

GoNTSNTS.  —  Principle    of    Atkinson    Engines — Differential    Engine — Cycl 
Engine — Trial8--Griffin  Gas  Engines-Trials — Stockport  Earlier  Type. 

The  ingenious  mechanism  of  the  Otto  engine  described  in  Chapte 
vi.,  and  the  fact  that  it  was  the  first  to  realise  the  cycle  of  Beau  di 
Rochas,  has  made  it  so  popular  that  practically  hardly  any  othe 
type  of  engine  is  now  constructed.  But  that  it  has  defects  it 
warmest  supporters  will  admit.  The  question  often  arises  whethei 
with  a  different  cycle,  a  lower  gas  consumption  and  better  desigi 
are  not  possible.  Experiments  prove  that  not  more  than  one 
fourth  of  the  heat  given  to  the  best  Otto  engine  is  utilised  a 
power.  Defective  expansion  is  one  of  the  chief  causes  of  this  los 
of  heat,  and  how  to  remedy  it  is  the  problem  still  occupy  in] 
the  minds  of  engineers.  To  increase  the  length  of  the  piston 
stroke   enlarges  the  cylinder   volume,  and   admits   more   of   th 

•  TraiU   Th^criqwt  et  Pratique  dea  Moteura  d  G^oz.,  vol.  i.     Par  Aimi 
Witz,  Paris. 
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charge,  and  at  the  same  time  allows  greater  scope  for  the  expansion 
of  the  gases.  It  is  the  proportion  of  the  Tolume  of  admission  to 
the  total  Tolume,  or  number  of  expansions,  which  may  be  altered, 
and  the  piston  made  to  travel  through  a  shorter  distance  when 
admitting  and  compressing,  than  when  expanding  the  charge. 
The  solution  of  the  problem  presented  by  Mr.  Atkinson  some  years 
ago  was  original  and  ingenious. 

Prinoiple  of  Atkinson  Engines. — This  inventor  introduced 
two  engines,  the  main  principle  in  which  is  the  same,  although 
carried  out  in  different  ways.  The  whole  cycle  was  performed  in 
one  cylinder  ;  there  was  one  motor-stroke  in  four,  and  this  stroke 
corresponded  to  one  revolution  of  the  crank  only.  The  four  opera- 
tions of  the  Beau  de  Rochas  cycle — admission,  compression, 
explosion  plus  expansion,  and  exhaust — were  effected  in  four 
separate  strokes  of  different  lengths.  Hence  the  compression  or 
clearance  space  varied  according  to  the  operations  taking  place  in 
the  cylinder,  whether  the  piston  was  admitting,  compressing,  or 
expanding  the  charge.  Like  others  who  have  studied  the  subject, 
Mr  Atkinson  considered  that  the  two  main  sources  of  waste  of 
heat  were  the  exhaust  and  the  water  jacket,  and  he  attempted  to 
reduce  these  losses  by  arranging  the  connection  between  the  piston 
and  the  crank,  so  as  to  give  different  lengths  of  stroke.  If  the 
piston  travels  more  quickly,  there  is  less  time  for  the  heat  to  be 
carried  off  by  the  jacket ;  if  a  longer  expansion  stroke  is  obtained, 
the  heat  and  pressure  of  the  gases  have  more  time  to  act  in  doing 
useful  work  on  the  piston,  before  the  exhaust  opens.  The  more 
rapid  and  longer  expansion  obtained  by  Atkinson,  after  many 
trials,  formed  the  chief  novelty  in  his  eng^es.  He  claimed  to 
expand  the  charge  to  the  original  volume  during  one-eighth  of  a 
revolution,  as  compared  with  half  a  revolution  during  which  it  is 
expanded  in  the  Otto.  In  the  latter  engine  the  charge  is  drawn 
in  during  one  out  stroke  of  the  piston,  or  half  a  revolution,  and 
expanded  during  the  next,  while  the  crank  makes  another  half 
revolution,  to  the  original  volume-^namely,  the  total  volume  of 
the  cylinder.  In  the  Atkinson  engine,  the  stroke  expanding  the 
charge  was  nearly  double  as  long  as  that  admitting  it,  and  hence 
the  charge  expanded  to  almost  twice  its  original  volume.  In  a  6 
H.P.  znotor  the  suction  or  admission  stroke  was  about  6^  inches, 
the  expansion  stroke  about  11^  inches.  As  the  whole  cycle  was 
carried  out  during  one  revolution  of  the  crank,  this  increased 
expansion  was  obtained  in  one-quarter  revolution,  and  expansion  to 
the  original  volume  in  one-eighth  revolution,  or  one-quarter  the 
time  occupied  in  the  Otto  engine.  The  heat  transmitted  through 
the  walls  to  the  jacket  should  be  in  proportion — first,  to  the  time 
the  wall  surfaces  are  exposed,  and  secondly,  to  the  differences  of 
temperature  betweem  them  and  the  gases  they  enclose.  Bapid 
and  prolonged  expansion  ought,  therefore,  to  check  the  waste  in 
both  directions.     The  quick  moving  out  of  the  piston  brings  the 
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ignited  charge  in  contact  with  the  walls  for  a  mach  shorter  tinie, 
and,  the  heat  being  absorbed  in  expansion,  by  the  time  the  exhaust 
opens  the  gases  are  comparatively  cool. 

Differential  Engine. — As  early  as  1879  Mr.  Atkinson  took  out 
a  patent  for  a  compression  engine  of  the  Otto  type,  in  which 
ignition  was  obtained  by  a  red-hot  tube.  This  was  one  of  the  first 
instances  of  a  working  engine  firing  the  gas  in  this  way ;  the  same 
method  was  employed  in  the  same  yea»  by  Leo  Funck.     Atkinson 


Base 


Fig.  24.— Atkinson  Differential  Engine.     1884. 


soon  abandoned  this  type  of  construction,  and  began  to  work  on 
new  lines.  Fig.  24  gives  a  sectional  elevation  of  his  first  or 
Difierential  engine,  shown  at  the  Inventions  Exhibition  in  1885. 
The  horizontal  motor  cylinder  A  contains  two  pistons,  both  working 
outwards,  and  joined  by  their  connecting-rods,  C^  and  Cj,  to  the 
bent  levers,  F^  and  Fj,  which  act  through  H^  Hj  upon  the  crank 
shaft  K.      Of  these  two  pistons  the  left-hand  one,   Fj^,  may  be 
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called  the  pump  piston,  and  chiefly 
compresses  the  charge ;  the  right- 
hand,  Pj,  is  the  working  piston, 
and  effects  the  greater  part  of  the 
working  stroke,  but  both  pistons 
co-operate  in  utilising  the  explo- 
sive force  of  the  gases.  There 
is  only  one  cylinder,  open  at  both 
ends  ;  during  the  compression  oi 
the  charge  the  pistons  hold  the 
exhaust  port  and  the  ignition 
tube  closed.  Air  is  admitted 
through  an  automatic  lift  valve, 
gas  through  a  valve  opened  by 
a  rod  from  an  eccentric  on  the 
main  shaft.  The  rod  terminates 
in  a  knife-edge  acting  on  the 
lever  of  the  gas  valve,  and  if  the 
speed  be  too  great  the  governor, 
which  is  driven  by  a  pulley  from 
the  crank  shaft,  shifts  the  valve- 
rod  out  of  position,  and  no  gas 
is  admitted.  Ignition  is  by  a  hot 
tube  without  a  timing  valve.  The 
exhaust,  uncovered  by  piston  P, 
in  its  out  stroke,  is  closed  by  an 
automatic  valve. 

The  method  by  which  the  two 
pistons  act  upon  the  crank  is 
given  in  the  four  positions  at 
Fig.  25,  showing  the  links,  the 
levers,  the  movement  of  the 
connecting-rods,  and  the  variable 
clearance  space,  p^  and  P2  are 
the  pump  and  working  pistons, 
and  A  the  ignition  tube.  In  the 
first  position,  a,  the  two  pistons 
are  shown  close  together,  and 
both  at  one  end  of  the  cylinder. 
The  products  of  combustion 
having  been  completely  expelled, 
the  clearance  space  between  the 
pistons  is  reduced  to  its  smallest 
limits.  The  energy  of  motion  in 
the  flywheel  now  lifts  the  crank, 
the  pump  piston  p^  moves  rapidly 
to  the  left,  the  other  piston 
foUowing    it   slowly,   the    auto- 
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volame  between  them.  A  slight  further  moyement  of  the  pump 
piston  uncovers  the  ignition  tube,  the  compressed  gases  enter, 
the  charge  is  fired,  and  the  working  piston  moves  rapidly  out 
to  the  extreme  limit  of  the  cylinder,  uncovering  the  exhaust 
valve.  The  pump  piston  follows  more  slowly,  driving  out  the 
products  of  combustion  (position  d).  The  ratio  of  admission  and 
compression  to  expansion  and  exhaust  is  as  2*58  to  4*44. 

Ill  theory  the  action  of  the  Differential  engine  appears  to  realise 
almost  complete  expansion,  but  the  practical  results  obtained  were 
not  satisfactory.  Professor  SchotUer  found  that  the  consumption 
when  running  empty  was  very  high,  and  the  mechanism  of  trans- 
mission was  also  defective.  .  The  levers,  links,  and  connecting-rods 
were  rather  unwieldy,  and  after  a  few  years  Atkinson  improved 
upon  the  engine  by  the  production  of  the  *<  Cycle"  (1886)  in  which 
the  same  principle  was  retained,  embodied  in  a  much  simpler  form. 
"  Cyole  "  Engine. — In  outward  appearance  this  engine  seemed 
to  differ  little  from  the  ordinary  type  of  a  compression  gas  engine. 
Nevertheless,  in  it»  as  in  the  Differential,  the  expansion  and 
exhaust  strokes  were  longer  than  the  admission  and  compression, 
and  the  whole  cycle  of  operations  was  completed  during  one 
revolution  of  the  crank,  with  one  piston  and  cylinder,  without  the 
aid  of  a  pump.  This  constituted  the  novelty  of  the  "Cycle'* 
engine.  Instead  of  using  two  pistons,  the  four  unequal  strokes 
were  all  obtained  with  one  piston,  working  upon  the  motor  crank 
through  a  series  of  rods,  links,  and  levers.  The  admission  and 
exhaust  were  operated  with  valves  in  the  ordinary  way.  There 
was  no  valve  to  the  ignition  tube,  but  the  charge  was  ignited  auto- 
matically during  the  compression  stroke. 

Fig.  26  gives  a  sectional  elevation  of  a  <'  Cycle  "  engine.  A  is  the 
cylinder,  P  the  piston,  at  W  the  water  enters  the  jacket.  The 
cylinder  is  placed  upon  a  strong  base-plate,  B,  in  the  interior  of 
which  is  the  mechanism  for  transmitting  power  to  the  crank.  E  is 
the  lever,  H  the  small  crank  or  vibrating  link,  the  end  of  which 
only  is  seen,  C  is  the  connecting-rod,  M  the  lever  joining  H  to  the 
crank  shaft  K,  and  L  the  fixed  point  in  the  base,  about  which  the 
lever  E  and  the  small  crank  H  oscillate.  The  ball  governor  acts 
upon  the  gas  admission  valve  by  a  lever  and  rod.  As  long  as  the 
speed  is  regular,  the  valve  opens  to  admit  the  gas.  The  valve-rod 
V  rests  against  it,  but  is  not  solidly  connected,  and  if  the  speed  be 
increased  it  is  drawn  back,  the  valve  remains  closed,  and  no  gas  is 
admitted.  The  valves  for  admitting  and  discharging  the  gases  are 
worked  by  two  rods,  one  of  which  is  shown  at  m,  and  opened  by 
two  cams  on  either  side  of  the  crank  shaft.  The  ignition  tube  i 
is  permanently  open  to  the  cylinder,  and  has  no  timing  valve. 
The  ignition  of  the  charge  was  based  upon  the  theory  that  a  small 
quantity  of  the  gases  of  combustion  always  remained  in  this  narrow 
passage.  The  pressure  of  the  return  stroke  drove  these  gases  and 
a  portion  of  the  fresh  compressed  mixture  up  the  red-hot  part  of 
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the  tube,  where  they  ignited,  and  spreading  back  into  the  cylinder 
fired  the  remainder.  The  method  worked  well,  owing  probably  to 
the  parity  of  the  charge  obtained  by  the  Jong  exhaust  stroke,  and 

the  moment  of  firing 


Admiation 
o/charife, 
J*o$ition  b. 


f 


determined  by  raising  or 
lowering  the  chimney,  and 
altering  the  position  of 
the  tube. 

The  distinguishing  fea- 
ture  of   the    Atkinson 
engine  was  the  link  and 
toggle    motion  shown  in 
four  positions  at  Fig.  27. 
A  is  the  cylinder  and  P 
the  piston,     c  is  the  con- 
necting-rod to  the  small 
vibrating  link  H,  which, 
through  £,  is  joined    to 
the  fixed  point  L.     M  is 
the      lever     connecting 
through  the  crank  M^  to 
the  crank  shaft  K.     The 
relative  positions  of  these 
parts  during  the  four  suc- 
cessive   strokes     of    the 
cycle    are  shown    in  the 
drawings.      The  ratio  of 
the  cylinder  volume  util- 
ised for  compression  was 
2*5,  and  for  expansion  4*3. 
The   proportion  of  ex- 
pansion to  admission  and 
compression    could    be 
varied   to  suit  any  kind 
of  gas,   by  adjusting  the 
centre    L   and    link    H. 
The    prolonged     exhaust 
stroke   was    a   source  of 
economy.   The  gases  were 
discharged  at  a  pressure 
of  only   10  lbs.,  and  the 
cylinder  being  thoroughly 
cleansed    after    each    ex- 
plosion, ignition  was  said 
to  be  more  certain. 
Trials. — Trials  on  the  Atkinson  engine  are  given  in  the  table 
at  the  end  of  the  book.      It  was  often  tested,  among  others,  by 
Professors  XJnwin,  Scbottler,  and  Thurston.    In  an  experiment  made 
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Fig.  27.— Atkinson  Cvcle  Engine— Four  posi- 
tions of  Link  and  Toggle  Motion.    IS86, 
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in  1887,  the  consumption  of  London  gas  was  22*5  cubic  feet  per 
BuH.P.  per  hour,  and  the  ratio  of  expansion  3},  as  compared  with 
2^  in  the  Otto.  The  Society  of  Arts'  experiments  have  been  already 
quoted.  In  these  the  consumption  of  gas  for  the  Atkinson  engine 
was  19-22  cubic  feet  per  I.H.P.  per  hour,  the  lowest  figure  recorded 
for  any  of  the  competing  engines.  A  diagram  of  this  trial  is  given 
at  Pig.  28.  A  very  complete  test  was  made  in  October,  1891,  by 
Mr.  Tomlinson,  in  which  the  efficiency  of  the  engine  and  the  value 
of  the  Dowson  gas  used  to  drive  it  were  determined.  The  engine 
indicated  21*95  H.P.,  and  the  consumption  of  anthracite  was  1*06 
lb.  per  I.H.P.  per  hour  Fig.  29  shows  a  diagram  taken  at  this  trial. 
This  ingenious  engine  is  no  longer  made,  and  Mr.  Atkinson  is 
now  with  the  firm  of  Messrs.  Crossley  Bros. 


•'••■ — fl»««"F.»bt. 


Fig.  28.— AtkioBon  Cycle  En^ne 
— Ibdicator  Diagram.  Society 
Aris.     1888. 


-  .>.         i 


Fig.  29.— Atkinson  Cycle  Engine 
—Indicator  Diagram.     188o. 


The  Grifiin  Gkts  Engine. — This  horizontal  engine,  constructed 
by  Messrs.  Dick,  Kerr  k  Co.,  has  had  some  success  in  England, 
in  cases  where  steadiness  and  regularity  of  speed  are  required  for 
electric  lighting.  It  belonged  originally  to  the  six-cycle  type,  was 
in  a  certain  sense  double-acting,  and  both  sides  of  the  piston  were 
used  for  expansion  of  the  charge. 

At  page  55  will  be  found  a  description  of  the  method  of  opera- 
tions in  a  six-cycle  engine.  There  are  six  strokes,  comprising — 1, 
Admission  of  charge ;  2,  compression  ;  3,  explosion  and  expansion ; 
4,  expelling  products  of  combustion ;  5,  drawing  in  air  or  scavenger 
charge ;  6,  expulsion  of  charge  of  air.  The  defects  of  this  cycle  are— 
the  want  of  regularity  in  the  speed,  and  the  loss  of  power  due  to  the 
small  number  of  ignitions,  there  being  only  one  motor  stroke  in  six. 
These  disadvantages  were  to  a  certain  extent  avoided  in  the  Griffin, 
by  making  it  double  acting,  and  it  virtually  became  what  may  be 
called  a  three-cycle  engine.  Instead  of  one  ignition  and  one  work- 
ing impulse  every  three  revolutions,  a  charge  of  pure  air  was 
admitted  and  an  ignition  obtained,  alternately  on  either  side  of  the 
piston,  at  every  one  and  a  half  revolution  of  the  crank,  and  for 
every  three  strokes.     Thus  the  action  was  much  more  regular,  but 
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the  heat  generated  by  the  ezplosionB  takixig  place  on  both  sides  of 
the  piston  was  almost  as  great  as  in  the  Lenoir  engine.  This  was 
partly  counteracted  by  the  scavenger  charge  of  air  which,  by  cooling 
the  cylinder,  had  a  beneficial  effect  on  the  temperature  of  the  walls. 
To  diminish  further  the  heat  of  the  explosion,  there  was  not  only  a 
water  jacket  to  the  cylinder  barrel,  but  to  the  cylinder  cover  next 
the  crank,  through  which  the  piston-rod  worked.  This  had  a  cool- 
ing effect  on  the  rod,  and  the  indicator  diagrams,  taken  during  the 
trials  of  the  Society  of  Arts,  showed  that  the  mean  pressure  in  the 
front  end  of  the  cylinder  was  from  6  to  14  lbs.  lower  than  at  the 
back,  where  there  was  no  cover  jacket.  In  the  twin-cylinder  engine 
used  for  electric  lighting,  where  great  regularity  in  working  is 
required,  there  were  two  horizontal  cylinders  side  by  side,  each 
single-acting,  and  having  one  motor  stroke  in  six.  In  the  one 
cylinder  the  cycle  was  three  strokes  in  advance  of  the  other.  The 
forward  motor  stroke  of  one  piston  corresponded  with  the  expulsion 
of  the  scavenger  charge  of  air  in  the  other,  and  admission  in  one 
cylinder  with  exhaust  in  the  other. 

Fig.  30  gives  a  side  elevation,  and  Fig.  31  a  plan  of  the  engina 
Power  is  transmitted  by  the  connecting-rod  to  the  crank  shaft  K. 
The  counter  shaft  R  is  driven  from  the  crank  shaft  by  worm  gearing 
D,  in  the  proportion  of  3  to  1.  It  revolves,  therefore,  once  for 
every  three  revolutions  of  the  crank  shaft.  The  cylinder  itself^ 
closed  at  both  ends,  stands  on  a  base  B,  through  which  the  air  is 
drawn  for  the  motor  and  scavenger  charges.  The  slide  valves  8  S^, 
driven  by  eccentrics  from  the  counter  shafts  contain  the  distributing 
and  ignition  ports ;  the  two  exhaust  valves  £  E.  worked  by  cams 
e  Cy  and  levers,  are  on  the  opposite  side  of  the  cylinder  to  the  slide 
valves.  In  Fig.  31  the  gas  is  admitted  through  two  valves,  d  and 
(f,,  controlled  by  the  gnuiuated  cock  n,  the  air  enters  at  a  ^Fig. 
30,  from  £,  and  the  two  mingle  at  the  admission  valves  mmy  These 
valves  are  opened  by  cams  on  the  counter  shaft  twice  in  one 
revolution,  or  every  one  and  a  half  revolution  of  the  crank  shaft ; 
the  gas  valves  d  d^  open  only  once  every  revolution,  or  once  for 
every  three  revolutions  of  the  crank  shaft.  Consequently  every 
other  time  the  valves  m  m^  open,  they  admit  only  pure  air  to  form 
the  scavenger  charge,  and  every  other  time  they  admit  air  mixed 
with  gas  from  the  valves  d  d^,  to  form  the  explosive  charge.  The 
gas  admission  valves  are  controlled  by  the  governor  G,  by  means  of 
a  cam  with  steps  of  varying  width ;  the  quantity  of  gas  admitted 
is  first  diminished,  then  tol^ly  cut  off,  on  one  or  both  sides  of  the 
piston,  according  to  the  excess  of  speed. 

The  charge  of  gas  and  air  being  thus  admitted  at  either  end 
of  the  cylinder,  the  slide  valves  S  Sj  worked  by  the  eccentrics 
r  Tj  are  alternately  raised  once  in  every  revolution  of  the  counter 
shajl,  and  the  fresh  mixture  is  made  to  communicate  through 
the  passages  shown  in  Fig.  30  with  the  permanent  burners  b  by 
The  charge  is  thus  fired,  and  the  mixture  explodes,  driving  the 
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piston  forward.     The  exhaust  valves  at  E  E^,  Fig.  31,  are  worked 
as  in  the  Otto,  by  cams  c  e^  and  levers  passing  beneath  the  cylinder. 


68 


OA8   KHOIRB8. 


i 


These  cams  on  the  counter  shaft  R  open  the  exhaust  first  at  one 
end,  then  at  the  other  of  the  cylinder,  every  half  revolution  of 
the  counter  shaft.     T  T,  are  the  oil  cups  lubricating  the  cylinder. 

Three  trials  were  made  upon  the  engine,  the  first  by  Professor 
Jamieson,  the  second  by  Professor  Kennedy,  both  at  Kilmarnock, 

the  third  at  the  Society  of  Arts' 
trial  competitions  in  1888.  In 
Professor  Kennedy's  trial  an  engine 
was  tested  of  142  B.H.P.,  with 
b /0o|.  II      V  ^^'^  cubic  feet  of  gas  consumed  per 

a  A  II         \3«.  B.H.P.  hour.     At  the  trials  of  the 

Society  of  Arts  (diagram  Fig.  32), 
the  engine  indicated  15*47  H.P.. 
and  the  consumption  of  gas  was 
28  cubic  feet  per  B.H.P.  hour; 
the  London  gas  used  was  poorer 
than  the  Scotch. 

The  Griffin  engines  were  after- 
wards worked  with  the  Otto  cycle, 
the  scavenger  charge  of  air  being 
omitted.  For  all  powers  above  12  H.P.  they  were  constructed 
double-acting,  with  explosion  of  the  charge  and  motor  stroke  on 
each  side  of  the  piston.      The  following  table  shows  the  working 
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Fig.  32.— Griffin  Engine—Indicator 
Diagram.     Society  Arts,     1888. 


method : — 


1. 


Back  of  Piston. 
Back  stroke — Exhaust. 


Fn>Dt  of  PUton  (Crank  end). 

1.  Forward    stroke— Admission  \ 

of  charge.  f        One        J 

2.  Back  stroke— Compression  of  i  revolation.  )  2.  Forward     stroke  —  Admis- 

charge.  )  (  sion  of  charge. 


3.  Forward   stroke  —  Exphsicn  \  \ 

and  expansion.  f        One 

4.  Back  stroke— Exhaust.  i  revolution. 


3.  Back    stroke — Compression 

of  charge. 

4.  Forward  stroke^Explosion 

and  expansion. 


Lift  valves  were  used,  worked  from  the  valve  shaft,  and  per- 
forming a  double  set  of  functions  at  either  end  of  the  closed 
cylinder.  Motors  intended  to  drive  dynamos  were  fitted  with  an 
especially  sensitive  governor  worked  by  bevel  wheels  from  the 
valve  shaft,  which  acted  by  controlling,  but  not  by  cutting  off  the 
supply  of  gas,  until  the  loaid  was  reduced  to  one-third.  The  former 
arrangement  of  a  cam  with  steps  was  discarded  in  some  of  the 
larger  sizes,  but  retained  in  the  smaller.  In  the  double-acting 
engines  the  governor  usually  cut  out  the  ignitions  on  one  side 
of  the  piston,  while  the  cycle  was  carried  out  as  before  on  the 
other.  In  a  later  type  of  two-cylinder  engines  there  was  an 
explosion  and  a  motor  impulse  at  each  stroke,  the  charge  being 
ignited  and  expanded  in  each  cylinder  alternately  at  either  end, 
while  it  was  admitted,  compressed,  and  discharged  in  the  other. 
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The  following  diagram  ezplaiiu  the  working  action  of  the  Griffin, 
4i8  compared  with  the  Otto  engine : — 

(o)     Otto  — 1    explosioD  — 2    ren.— one 
cylinder,  single-acting,  open  end. 


IB-^ 


(&)  Griffin  —  1    explosion  —  1    rev.  —  one 
cylinder,     doable  -  acting,      closed 


(c)  Otto— 1  explosion — 1  rev. — two  cylin- 
dere,  single-acting,  open  ends. 

(d)  Griffin — 2  explosions— 1  rev. —two 
cylinders,  doable  -  acting,  closed 
ends. 

Fig.  33.— Diagram  of  Single-  and  Doable-Cylinder  Explosion  Engines. 

NdU, — Dark  mark  represents  explosion,  1  circle  1  rev.,  2  circles  2  revs. 
All  with  four-cycle— 1  stroke  taking  in  change,  1  stroke  compressing,  1  stroke 
exploding,  and  1  stroke  exhausting. 

For  large  powers,  the  Griffin  engines  were  usually  driven  with 
Dowson  or  other  generator  gas.  In  a  large  tandem  engine  there 
were  three  cylinders,  side  by  side,  the  two  outer  high-pressure, 
the  inner  low-pressure.  One  of  the  high-pressure  cylinders 
exhausted  into  it,  the  other  into  the  atmosphere.  The  engine 
indicated  over  600  H.P.  with  generator  gas,  and  ran  at  120 
revolutions  per  minute. 

Griffin  engines  have  been  installed  in  the  electric  light  station 
at  Belfast,  but  are  now  only  used  as  a  reserve.  They  are  started 
by  the  dynamos,  and  the  speed  regulated  by  the  governor 
acting  on  cams  divided  into  layers,  thus  varying  the  time 
during  which  the  gas  is  admitted  to  the  cylinders,  and  the 
strength  of  the  explosion,  but  not  cutting  out  any  ignitions.  This 
plant  consists  of  six  engines,  four  with  two  cylinders,  and  two 
single-cylinder,  all  double-acting.  The  larger  engines  indicate  up 
to  120  H.P.,  and  generate  77  electrical  H.P.  Trials  made  on  it 
showed  a  consumption  of  18*2  cubic  feet  of  lighting  gas  per  I.H.P., 
and  23*9  cubic  feet  per  electrical  H.P.  per  hour,  during  a  con- 
tinuous run  of  six  hours,  the  engines  indicating  111  H.P.  at  a  speed 
of  161  revolutions  per  minute.  The  diameters  of  the  tandem 
•cylinders  were  13^  inches  and  13|  inches  respectively;  stroke 
20inches. 

Stockport. — The  Stockport  engine,  made  by  Messrs.  Andrew 
^  Co.,  and  introduced  in  1883,  was  originally  a  two-cycle  single- 
acting  motor,  in  which  compression  took  place  in  an  auxi- 
liary pump,   and  an    explosion  every   revolution  was  obtained. 
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This  division  of  the  cycle  of  operationB  between  two  cylinders 
added  to  the  size  and  cost  of  an  engine,  but  increased  its  steadi- 
ness in  running.  In  this  respect  the  motor  resembled  the  Clerk. 
About  2000  have  been  made. 

The  two  horizontal  cylinders,  motor  and  pump,  were  placed 
opposite  each  other  on  the  same  axis,  upon  a  base  through  which 
the  compressed  charge  was  conveyed  from  one  to  another.  Each 
had  a  trunk  piston  with  the  crank  shaft  placed  between  them.  The 
motor  carried  two  slide  valves,  a  vertical  valve  for  admitting  the 
charge,  driven  from  an  eccentric  on  the  crank  shaft,  and  a  hori- 
zontal slide  valve,  carrying  the  ignition  flame  in  a  hollow  cavity; 
the  latter  was  afterwards  superseded  by  hot-tube  ignition.  The 
two  pistons  moved  alternately  in  and  out,  the  forward  stroke  of 
the  pump  drawing  the  charge  through  the  admission  slide  valve, 
while  the  corresponding  back  stroke  of  the  motor  piston  uncovered 
the  exhaust  port,  and  drove  out  the  products  of  combustion.  The 
following  back  stroke  of  the  pump,  corresponding  with  the 
forward  expansion  stroke  of  the  motor,  compressed  the  charge 
through  the  same  slide  valve  into  a  hollow  chamber  in  the  base- 
plate. The  pressure  then  opened  a  valve  into  the  working 
cylinder,  and  the  exhaust  port  being  uncovered,  the  incoming 
charge  helped  to  drive  out  the  products  of  combustion.  The 
return  stroke  of  the  motor  piston  closed  the  exhaust  port,  ignition 
followed,  and  the  cycle  recommenced. 

The  hot- tube  ignition  was  a  novel  feature  of  this  engine.  At 
first  these  tubes  were  always  made  of  cast  iron,  and  lasted  only 
about  thirty  hours.  Under  ordinary  conditions,  they  are  rapidly 
burnt  out  by  the  great  heat  to  which  they  are  subjected,  and  the 
quick  variations  of  temperature  produce  great  changes  and 
deterioration  in  the  metal.  The  fresh  compressed  charge  entering 
the  tube  at  each  stroke  is  always  at  a  high  temperature,  while  the 
residuum  of  exhaust  gases  left  in  it  during  the  out  stroke  is 
relatively  cooler^  and  owing  to  these  alternations  of  heat  the  tube 
speedily  burns  away.  In  the  Atkinson  and  other  engines  a 
high.chimney  was  placed  round  the  tube  to  protect  it  from  draught, 
and  some  makers  use  porcelain  tubes.  Messrs.  Andrew  intro- 
duced a  special  composition,  made  of  an  alloy  of  silver,  &c,y 
which  is  said  to  last  for  several  months,  and  not  to  fuse  or  cake. 
Ignition  tubes  have  the  advantage  of  being  easily  removed  and 
changed  when  worn  out,  and  are  almost  universally  used  in 
England.  They  are  simple  and  regular  in  action,  but  their  tem- 
perature is  not  so  high  as  that  of  the  electric  spark,  and  ignition  is 
perhaps  more  difficult.  For  this  and  other  reasons  the  charge  is 
generally  fired  by  electricity  on  the  Continent. 

In  the  second  double-acting  type  there  were  two  motor  cylinders 
and  two  pumps,  all  horizontal.  The  motor  pistons  worked  on  to 
the  single  crank  placed  between  them,  while  the  pumps  actuated  a 
second  smaller  crank  on   the   main   shaft,  revolving  slightly   in 


THE  ORIGINAL  OTTO   GAB   KKGINE.  71 

•dTance  of  the  main  crank.  An  impulse  was  obtained  at  every  half 
reYolntiony  and  the  engine  ran  with  great  steadiness.  The  third 
type,  with  one  cylinder  and  one  differential  piston,  was  vertical. 
The  lower  side,  on  which  the  charge  was  expanded  and  discharged, 
was  smaller  in  diameter  than  the  upper,  on  which  it  was  admitted 
and  compressed.  Thus,  the  piston  virtually  divided  the  cylinder 
into  two  parts  of  unequal  area,  in  which  two  different  sets  of  opera- 
tions took  place  simultaneously. 


CHAPTER    VI. 
THE   OTTO    GAS   ENGINE,   1876. 

GoNTXHTB. — Original  Type — Slide  Valve— Exhaust — Modem  Otto — Isnition 
Hot  Tube  —  Deutz-Utto — Crossley-Otto— Scavenging  Engine ^Tnals — 
Lanchester  Self -Starter. 

It  is  to  Otto,  the  celebrated  German  engineer,  that  the  honour 
belongs  of  having  first  produced  a  practical  working  gas  engine 
using  compression,  and  giving  an  economical  cycle  of  operations. 
The  Otto  engine  was  brought  out  at  a  time  when,  in  the  competition 
between  gas  and  steam,  the  balance  inclined  so  much  in  favour  of 
the  latter,  that  it  even  seemed  possible  that  gas  engines  would  be 
driven  altogether  from  the  field.  The  construction  of  the  Lenoir 
and  Hugon  engines  had  been  more  or  less  relinquished,  on  account 
of  the  quantity  of  gas  they  consumed.  Of  all  their  successive 
imitators,  none  supplied  the  long-felt  want  of  an  engine  working  as 
steadily  and  economically  as  steam,  always  ready  for  work,  where  a 
steam  engine  could  not  be  used.  The  Otto  and  Langen  engine, 
which  followed  the  Lenoir  and  Hugon,  was  never  popular,  owing 
to  its  tmsteadiness,  noise,  and  irregularity.  The  inventors  were 
fdlly  cognizant  of  these  defects,  and  for  years  they  laboured  to 
remedy  them,  working  on  the  principle  of  admitting  the  gas  and 
air  at  atmospheric  pressure.  At  length,  however,  to  the  surprise 
of  the  engineering  world,  they  gave  up  altogether  this  method  of 
construction,  and  patented  in  1876  an  engine,  shown  at  the  Paris 
Exhibition  of  1878,  which  differed  considerably  from  any  hitherto 
made. 

Compression. — The  important  innovation  introduced  in  the 
Otto  engine  was  the  compression  of  the  charge  of  gas  and  air  before 
ignition.  The  advantages  of  this  method  have  been  already 
described.  Beau  de  Rochas  had  in  1862  laid  down  the  axiom  in  his 
patent,  that  no  gas  engine  could  be  economical,  unless  its  cycle 
included    compression    of   the    mixture    after    admission.      Yet, 
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although  the  extravagant  consumption  in  gas  engines  was  rmi- 
▼ersallj  admitted,  no  one  proposed  to  adopt  compression  aa  a 
means  of  diminishing  it,  till  Otto^s  engine  appeared.  Even  the 
inventor  himself  did  not  seem  to  understand  the  radical  nature  of 
the  change  he  introduced.  He  attributed  the  reduction  in  the 
consumption  of  gas  and  the  popularity  of  his  engines,  not  to  com- 
pression, but  to  the  stratification  of  the  charge  as  it  entered  the 
cylinder.  The  novel  method  of  admission  and  ignition  was 
expressly  protected  in  the  patents.  Whatever  the  cause,  the 
success  of  this  engine  was  from  the  first  undoubted,  and  practically, 
for  many  years  aiter  it  was  brought  out,  few  others  were  sold  to 
any  large  extent.  For  this  reason,  on  account  of  its  excellent 
design  and  workmanship,  and  because  the  Otto  or  four-cycle,  as  it  is 
called,  has  now  practicsJly  superseded  ail  others,  it  will  be  useful 
to  consider  carefully  the  constructive  details  and  working  of  the 
Otto  engine,  although  it  was  patented  as  early  as  1876. 

Oiiginal  Otto. — ^In  this  motor,  the  whole  cycle  advocated  by 
Beau  de  Rochas  is  effected  in  one  cylinder,  in  accordance  with  his 
patent.  The  cycle  is  divided  between  four  piston  strokes,  two 
forward  and  two  back  (two  revolutions),  and  one  explosion  or  motor 
impulse  is  obtained  for  everv  four  strokes.  The  original  type  of 
the  engine  is  horizontal,  and  the  end  of  the  cylinder  nearest  the 
crank  is  open.  The  first  stroke  of  the  piston  towards  the  crank 
(forward)  draws  in  the  charge;  the  second  stroke  (return)  com- 
presses it,  and  ignition  follows  at  the  inner  dead  point.  In  the 
third  stroke  (forward)  the  force  of  the  explosion  drives  the  piston, 
and  in  the  fourth  stroke  (return)  the  products  of  combustion  are 
discharged.  The  third  is  the  only  motor  stroke,  in  which  the 
pressure  of  the  gases  produced  by  explosion  causes  them  to  expand, 
forcing  out  the  piston,  and  performing  actual  work.  All  these 
operations  are  carried  out  and  completed  at  the  end  of  the  cylinder 
away  from  the  crank,  and  on  one  side  of  the  piston  only. 

At  this  working  end  there  is  a  clearance  space,  comprising  origin- 
ally about  four-tenths  of  the  whole  volume  of  the  cylinder,  into 
which  the  charge  is  compressed,  and  where  ignition  takes  place.  As 
the  piston  does  not  enter  this  clearance,  the  gases  of  combustion  can 
never  be  completely  expelled,  but  a  portion  is  always  left  in  the 
compression  space  to  mingle  with  the  incoming  charge.  Otto  con- 
sidered that  it  was  an  advantage  thus  to  retain  a  part  of  the 
products  of  combustion,  to  act  as  a  cushion  against  the  piston,  and 
deaden  the  shock  of  the  explosion.  As  only  one  motor  impulse  is 
given  in  four  strokes,  the  motion  for  the  other  three  must  be 
obtained  from  the  impetus  of  the  moving  parts.  Hence  the  fly- 
wheel is  made  larger  and  heavier  than  usual.  There  is  one  other 
peculiarity  of  structure  to  be  mentioned,  in  studying  the  original 
Otto  type.  In  most  gas  motors  the  charge  itself  is  carried  past 
the  flame,  or  ignited  by  an  electric  spark.  Here  the  gas  was 
supplied   for   three   different    purposes    through    separate    pipes. 
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There  was  first  the  supply  pipe,  providing  gas  to  mix  with  air  for 
the  charge,  and  controlled  by   the   gOYemor;    another  for   the 
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permanent  outside  flame ;  and  lastly,  a  branch  pipe  feeding  a  small 
intermediary  chamber  in  the  slide  valve,  which  communicated  first 
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with  the  outside  flAme,  then  with  the  oompreBsed  mixture,  and  fired 
the  charge.  This  arrangement  has  been  abandoned  in  the  later 
engines. 

Pig.  34  gives  a  side  elevation,  Fig.  35  a  plan  of  an  8  H.P. 
motor,  and  Fig.  36  an  end  view  of  the  Otto  engine.  The  different 
parts  are  similarly  lettered  in  the  three  drawings.  A  is  the  motor 
cylinder,  and  P  the  piston,  shown  in  Fig.  35  at  its  farthest  point 
in  the  in  stroke,  with  the  compression  or  clearance  space  behind  it. 
At  the  crank  end  the  cylinder  is  open.  The  piston-rod  is  keyed  to 
the  crosshead  F,  to  which  the  connecting-rod  0,  working  on  to  the 
crank  shaft  K,  is  also  attached.  B  is  the  coiuiter  shafts  driven  by 
the  wheels  E  and  F  from  the  crank  shaft,  and  revolving  at  half  the 
speed  of  the  latter.  This  shaft  B  has  many  functions  to  perform. 
Through  a  crank  H 
and  small  lever  I  it  ^ 

drives  the  slide  valve  ^^ 

S,  where  the  charge 
is  admitted,  ignited, 
and  exploded.  Below 
is  the  ball  governor 
G,  acting  upon  the 
gas  valve  L,  and  re- 
gulating the  supply; 
a  cam  and  tappet  t 
upon  the  counter 
shaft  open  the  ex- 
haust valve  e  once 
in  every  revolution; 
and,  lastly,  a  strap 
from  it  drives  the 
oiling  gear  D  above 
the  cylinder,  and 
supplies  oil  as  long 
as  the  engine  is 
working.  The  cylinder  is  surrounded  by  a  water  jacket  W.  It 
has  two  openings,  a  and  b — a  is  the  charging  port,  filled  first  with 
gas  and  air  at  atmospheric  pressure  from  the  distributing  chamber 
in  the  slide  valve,  and  then  with  part  of  the  compressed  charge, 
and  through  this  port  a  tongue  of  flame  shoots  into  the  cylinder, 
and  explodes  the  remainder ;  b  is  the  opening  for  the  exhaust,  and 
the  gases  of  combustion  pass  out  at  e.  Below  at  m  is  another 
opening  through  which  air  is  admitted  into  the  slide  valve,  mingles 
with  the  gas,  and  is  carried  forward  until,  at  a,  it  enters  the 
cylinder. 

In  Fig.  36  the  double  branching  of  the  gas  pipe  to  supply  the 
permanent  outside  burner,  and  the  temporary  flame,  is  seen  at  B'. 
The  slide  valve  8  is  worked  by  crank  H  and  lever  I ;  e  is  the 
exhaust  opened  by  lever  k^  and  the  cam  t  on  the  counter  shaft. 


dot 


Fig.  36.  —Otto  Engine— End  View.     1876. 
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The  goyemor  works  upon  the  gas  yalve  L  by  a  series  of  levers,  r,  r\ 
while  a  handle  at  r"  regulates  the  admission  of  gas  to  the  valve 
^m  the  rubber  gas  bag. 

Slide  Valve. — The  slide  yalve  of  this  engine  is  an  ingenious 
piece  of  mechanism.  There  is  first  the  face  next  the  cylinder, 
secondly,  the  yalve  proper,  and,  thirdly,  the  cover  on  the  outside ; 
the  latter  is  held  against  the  valve  by  springy  and  screws.  The 
slide  valve  alone  is  driven  to  and  fro ;  the  other  parts  are  fixed. 
Fig.  37  gives  a  sectional  plan  of  the  three  parts,  and  their  connection 
with  the  cylinder.  Here  A  represents  the  cylinder,  £  the  slide 
face,  S  the  slide  valve,  and  D  the  cover.  W  is  the  water  jacket,  a 
the  charging  port  introducing  the  mixture  into  the  cylinder,  m  the 
opening  in  the  slide  face  for  admitting  the  air,  which  passes  at  o 
into  a  chamber  in  the  slide  valve  with  three  openings,  Q  and  M, 
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Fig.  37.— Otto  Engine,  1876— Sectional  Plan  of  Slide  Valve. 

and  n  opening  to  the  slide  cover.  Shortly  after,  as  the  slide  valve 
passes  h*om  right  to  left,  the  gas  is  admitted  from  L  in  the  cover, 
through  n  into  the  chamber.  Continuing  its  motion  in  the  same 
direction,  the  slide  next  brings  the  opening  Q  of  the  chamber 
opposite  a,  and  its  contents  are  discharged  into  the  cylinder,  to  be 
there  compressed  by  the  next  back  stroke  of  the  piston. 

Meanwhile,  at  the  other  end  of  the  slide  valve,  a  different  series 
of  operations  have  been  taking  place  at  the  same  time.  At  B  is 
the  permanent  burner  in  the  slide  cover,  open  to  the  atmosphere. 
While  the  slide  valve  passes  from  right  to  left,  the  chamber  N  is 
brought  opposite  B,  but  as  it  contains  no  gas  no  ignition  occurs. 
But  as  soon  as  it  reaches  cf,  gas  from  the  third  pipe  is  introduced 
into  it  through  a  grooved  hollow  in  the  cover.  Before  the  slide 
valve  commences  its  return  movement,  and  while  the  mixture  is 
being  compressed  in  the  cylinder,  the  chamber  N  is  filled  with  gas 
from  d^  ignites  on  passing  before  B.  and  when  brought  opposite  the 
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Fig.  38.— Otto  Engine— Vertical  View  of 
Slide  Valve. 
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cylinder  port  a  fires  the  charge.  It  is  necessary,  however,  to 
equalise  the  pressure  of  the  gas  flame  and  of  the  charge,  lest  the 
flame  be  blown  out  As  long  as  the  small  lighting  port  is  in 
communication  with  the  atmosphere  through  B  the  flame  is  easily 
maintained,  but  as  the  slide  moves  onward,  and  connection  is  cut 
oflT,  it  begins  to  fail.  Therefore,  before  it  reaches  a,  a  hole  is  passed 
in  the  slide  face,  communicating  through  a  T-shaped  passage  with 
the  charging  port.  A  small  portion  of  the  compressed  charge 
passes  through  it  to  the  flame  in  N,  and  establishes  an  equilibrium 
of  pressure  between  the 
mixture  in  the  cylinder 
and  the  flame,  before  the 
latter  reaches  and  fires 
the  charge. 

Figs.  38  and  39  give 
a  vertical  view  of  the 
slide  and  slide  cover. 
In  the  latter  L  is,  as 
before,  the  pipe  to  admit 
the  main  supply  of  gas, 
B'  is  the  smaller  gas 
pipe  feeding  the  per- 
manent flame  B,  Fig.  37. 
Through  another  small 
pipe  the  gas  passes  at  dy 
Fig.  39,  and  through  the 
grooved  passage  <f  to 
the  lighting  chamber  N, 
Fig.  38.  Above  this 
chamber  is  the  hole  at  i 
through  which,  and  a 
passage  in  the  slide 
face,  communication  is 
established  between  the 
cylinder  and  the  light, 
as  soon  as  the  slide 
passes  the  opening  of  the  passage.  At  e  c.  Fig.  38,  are  the 
holes  for  the  gas  entering  the  admission  and  distribution  cham- 
ber M  Q.  Figs.  40  and  41  show  a  vertical  section  of  the  slide 
valve  and  cover,  with  the  arrangement  of  the  ignition  flame. 
The  parts  are  lettered  as  before.  N  is  the  lighting  chamber  in 
the  slide,  B  the  permanent  burner  in  the  slide  cover.  In  Fig.  40 
the  flame  at  N  is  shown  while  being  formed.  Air  enters  from 
below,  gas  through  the  groove  d\  corresponding  with  the  opening 
d  in  the  slide  cover,  Fig.  37,  and  passes  through  this  T-shaped 
channel  into  N.  The  chamber  being  in  communication  with  the 
flame  burning  in  the  chimney,  the  charge  in  it  is  ignited.  Fig.  41 
gives  a  view  of  the  intermediary  flame  in  chamber  N,  afber  it  has 


Fig.  39.— Otto  Engine- 
Slide  Cover. 
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been  cut  off  from  the  outer  burner,  and  from  the  gaa  pipe  d.  The 
T-shaped  passage  d^  here  opens  on  the  other  side  into  the  cylinder 
port  through  t,  and  a  small  portion  of  the  compressed  charge  passes 
through  into  N.  Shortly  after,  the  port  is  brought  opposite  the 
cylinder  port  a  and  ignition  follows.     Thus  during  one   piston 


Fig.  40. — Ignition  Flame 
and  Slide  Valve. 


Fig.  41. — Iffnition  Flame 
and  Slide  Ck)ver. 


stroke  three  operations  take  place,  and  the  slide  valve  has  to  form 
and  kindle  the  intermediary  flame,  equalise  the  pressure  between 
it  and  the  charge  in  the  cylinder,  and  ignite  the  latter. 

The  method  by  which  all  these  various  actions  are  timed  to  occur 

is  ingenious.     Fig.  42  gives  a  diagram  of  the  proportional  move- 

*  ments  of  the  motor 

crank,  the  counter 
shaft,  and  the  slide 
valve.  The  Roman 
figures  represent 
the  positions  of  the 
crank,  the  Arabic 
figures  those  of  the 
counter  shaft,  while 
the  letters  a,  6,  c,  d, 
show  the  movement 
of  the  slide  valve. 
As  the  motor 
crank  moves  from 
I.  to  II.  in  the 
direction  of  the 
arrow,  the  crank 
on  the  counter  shaft  which  is  set  at  an  angle  of  45*  behind  it 
passes  from   1   to   2,   and    the  slide    valve   moves   from  a  to  & 
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Fig.  42. — Otto  Engine— Positions  of  Crank, 
Counter  Shaft,  and  Slide  Valve. 
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and  back  again.  Daring  this  time  the  piston  moves  out,  and  the 
fresh  charge  is  drawn  at  atmospheric  pressure  into  the  cylinder. 
Fig.  43  gives  this  position  at  A.  Air  is  admitted  at  «•»  gas 
at  N,  and  both  afier  mixing  in  chamber  M  Q  (Fig.  37)  pass 
throogh  a  into  the  cylinder.  The  next  crank  movement  com- 
pleting the  first  revolution  is  from  II.  to  III.  (Fig.  42);  the 
counter  shaft  moves  from  2  to  3,  the  slide  valve  from  a  to  e.  Fig. 
43,  By  indicates  the  position  of  the  slide  valve.  All  the  ports  of 
the  cylinder  are  closed,  while  the  piston  compresses  the  charge. 
The  lighting  chamber  is  brought  opposite  the  permanent  flame  and 
fired,  and  through  the  port  for  equalising  the  pressure,  part  of  the 
charge  in  the  cylinder  is  also  compressed  into  it  by  the  return 
movement  of  the  piston.  Position  III.  (Fig.  42)  represents  the 
inner  dead  point ;  ignition  and  explosion  take  place,  and  drive  the 
piston  through  its  second  forward  and  only  motor  stroke  The 
crank  shaft  revolves  from  III.  to  lY.^  the  counter  shafb  from  3  to 
4,  the  slide  valve  passes  from  e  to  e^  and  back  again.      Fig.  43,  C, 
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Fig.  43.~Otto  Engine — Positions  of  Ports  and  Passages.     1876. 


shows  the  progress  of  the  slide  during  and  after  the  ignition  of  the 
charge.  Form  lY.  to  I.  the  crank  completes  its  second  revolution, 
the  counter  shaft  passing  from  4  to  1  concludes  one  revolution,  and 
the  slide  valve  moves  from  c  to  a  and  takes  up  position  D  (Fig.  43). 
All  the  admission  ports  are  closed  to  the  cylinder,  while  the 
products  of  combustion  are  driven  out  through  the  exhaust  by  the 
second  return  stroke  of  the  piston. 

By  this  arrangement  air  enters  the  mixing  chamber  M  ^Fig.  37), 
and  is  passed  on  into  the  cylinder,  during  nearly  the  whole  of  the 
admission  stroke,  but  gas  is  only  admitted  during  the  latter  part. 
The  two  ports  are  so  proportioned  that  the  ingress  of  air  is  first  cut 
off,  and  gas  enters  alone  at  the  end  of  the  stroke.  The  effect  of 
this  distribution  on  the  stratification  of  the  charge  will  be  discussed 
further  on.  A  diagram  showing  the  working  cycle  in  the  Otto 
engine  will  be  found  in  Boots'  Cyclea  of  Gaa  and  Oil  Engines^  p.  47. 

Fig.  44  gives  a  view  of  the  exhaust  valve.  The  lever  opening  it, 
K,  shown  also  in  Fig.  36,  passes  beneath  the  motor  cylinder  A,  and 
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is  worked  by  a  cam,  <,  on  the  counter  shaft  R.  The  end  of  the 
lever  is  held  against  the  counter  shaft  by  a  spring.  At  a  given 
moment  the  cam  t  presses  one  end  of  the  lever  down,  and  the  other 
raises  the  lift  valve  »';  6  is  the  opening  into  the  cylinder,  and  e  the 
discharge  into  the  exhaust  When  valve  »'  is  raised,  the  action  of 
the  piston  drives  the  products  of  combustion  through  b  and  e.  The 
cam  being  one-quarter  the  circumference  acts  upon  the  valve  during 
one-quarter  of  a  counter  shaft  revolution,  or  one  stroke  of  the 
piston.     A  second  cam  upon  the  other  side  of  the  shaft  can  also  be 

adjusted  to  push  down  the 
lever,  and  hold  open  the  valve, 
when  starting  the  engine, during 
the  compression  as  well  as  the 
-B^u^t^wirr^  // ^      ^  r^      exhaust  stroke.    This  method  of 

Sxu^  jLF\r^  ,/7l        m      diminishing  the  pressure  in  the 

cylinder  while  starting  has  been 
^^^^  adopted  in  other  engines  besides 

Fig.44.— Otto  Engine— Exhaust  Valve.     theOtta  The  secondcam  is  easily 
1876.  disconnected  from  the  shaft,  as 

soon  as  the  engine  is  at  work. 
The  speed  of  the  engine  is  regulated  as  shown  in  Figs.  35,  36 
(pp.  74,  75).  Upon  the  counter  shaft  R  is  a  socket  with  a  tappet  o, 
having  a  similar  action  to  the  exhaust  cam.  When  the  shaft  is 
revolving  at  ordinary  speed,  this  tappet  regularly  catches  and 
pushes  up  one  end  of  the  lever  q,  resting  upon  it,  the  other  end  of 
which  terminates  in  the  rod  r,  opening  the  gas  admission  valve  L. 
But  if  the  speed  increases,  the  balls  fly  out  and  push  up  another 
small  lever  u,  which,  forcing  the  socket  to  one  side,  causes  the 
tappet  o  to  miss  the  end  of  the  lever  q.  Nothing  but  air  is  admitted, 
and  no  explosion  follows  until  the  speed  is  reduced,  and  the  tappet 
being  again  in  position  acts  upon  the  gas  valve.  The  handle  s 
(Fi^.  34)  is  intended  to  raise  the  balls  only  when  .starting  the 
engine,  and  falls  back  automatically  after  the  first  explosion. 

Two  methods  were  available  for  regulating  the  speed,  either  to 
cut  off  wholly  the  supply  of  gas,  or  to  decrease  the  quantity 
admitted;  the  former  was  preferred  as  being  more  economical.  No 
gas  could  then  pass  unburnt  through  the  cylinder,  but,  as  an 
explosion  was  missed  every  time  the  gas  valve  was  closed  by  the 
governor,  the  speed  became  irregular.  Otto  was  obliged,  there- 
fore, to  modify  the  governing  gear  when  the  engine  was  used  to 
drive  dynamos  for  electric  lighting,  where  a  very  steady  speed  is 
required.  Instead  of  the  tappet,  a  cam  with  graduated  steps  acted 
upon  the  lever  q.  When  the  speed  fluctuated  within  slight  limits, 
the  cam  opened  the  gas  valve  for  a  longer  or  shorter  time,  and 
varied  the  strength  of  the  charge.  The  explosions  were  sometimes 
weak,  sometimes  strong,  but  never  wholly  missed,  unless  the  speed 
was  so  greatly  increased  that  the  wheel  of  the  lever  slipped  quite 
off  the  cam.     Latterly,  for  small  motors.  Otto  adopted  the  penda- 
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lum  type  of  governor,  which  is  freqaentlj  met  with  in  modern 
engines.  It  conaists  of  an  oscillating  weight  at  the  end  of  a  rod, 
swinging  backwards  and  forwards  with  the  motion  of  the  engine 
and  of  the  slide  valve,  to  which  it  is  attached.  As  long  as  the 
speed  is  normal,  a  horizontal  rod,  connected  to  the  pendulum,  fits 
at  each  revolution  into  the  notched  end  of  the  valve-rod  opening 
the  gas  valve.  But  if  the  speed  and  the  motion  of  the  slide  valve 
increase,  the  swing  of  the  pendulum  cannot  overtake  them.  The 
weight  shifts  the  rod  out  of  position,  a  miss  fire  occurs,  and  no  gas 
is  admitted  until  the  speed  of  the  engine  is  reduced. 

The  lubrication  of  the  Otto  engine  is  simple  and  ingenious. 
Great  care  was  necessary  in  oiling  all  the  parts,  especially  the 
slide  valve.  Fig.  45  shows  a  vertical  section  of  the  oiling  apparatus. 
An  external  view  with  the  two  lubri- 
cating pipes  is  shown  at  D,  Fig.  34 
(p.  73).  This  apparatus  is  worked  by 
means  of  a  small  pulley,  a,  and  a  strap 
on  the  counter  shaft.  The  cup  is  filled 
with  oil  into  which  a  small  wire,  6,  on 
the  same  shaft  as  the  pulley,  dips  at 
every  revolution.  The  drop  is  wiped 
off  on  a  fixed  pin,  c,  placed  over  a  trough. 
From  the  trough  it  runs  into  one  of  the 
two  pipes,  and  is  carried  either  to  the 
piston  or  the  slide  valve.  Sometimes  this 
arrangement  is  made  in  duplicate,  and  SedUmal  Elevaium, 

the  cup  divided  vertically.     Two  kinds      j-jg.  45.— otto  Gas  Engine- 
of  oil  can   be  then  used   at  the  same  Oiling  Apparatus, 

time,  the  better  quality  for  lubricating 

the  slide  valve,  and  a  coarser  oil  for  the  piston.  In  this  apparatus 
the  oil  is  kept  cool,  and  lubrication  is  automatic  and  continuous. 

For  starting  smiJl  power  engines,  the  additional  cam  to  keep  the 
discharge  valve  open  during  compression  as  well  as  exhaust  was 
found  sufficient.  But  the  Otto  motors  were  soon  applied  to  larger 
powers,  and  it  then  became  impossible  to  start  them  without  a 
special  apparatus.  Compressed  air  is  now  (1899)  often  used.  It 
is  forced  by  a  small  air  })ump  driven  from  the  engine  into  an  air- 
tight reservoir,  and  stored  ready  for  use. 

Modem  Otto. — Few  engines  more  ingeniously  constructed  than 
the  Otto  have  yet  appeared,  and  the  cycle  has  now  been  extensively 
adopted  by  many  other  firms.  More  than  30,000  engines  were 
sold  in  the  first  ten  years,  and  according  to  the  German  firm  45,000 
engines,  with  a  total  of  about  200,000  H.P.,  had,  up  to  about  1895, 
been  constructed  by  them.  Fifty  thousand  Otto  engines  are  now 
(1899)  said  to  be  at  work. 

Otto  himself  attached,  as  we  have  said,  the  greatest  importance 
to  his  svstem  of  admitting  the  charge.  The  slide  valve  is  so  con- 
structed that  pure  air  enters  first,  and  mingles  with  the  products  of 
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combustion  left  from  the  previous  charge,  which  the  piston  canno 
expel.  Gas  next  enters  the  slide  valve  and  mixes  with  the  aii 
forming  a  charge  in  the  proportions  of  about  7  of  air  to  1  of  gat 
^^uiallji  ^7  the  movement  of  the  slide  valve,  gas  alone  is  admitte 
into  the  cylinder,  feeds  the  burning  light,  and  causes  it  to  shoo 
into  the  poorer  mixture  like  a  tongue  of  flame.  Thus  there  ar 
three  strata  in  the  cylinder,  of  three  different  degrees  of  richnesi 
and  the  flame  is  supposed  to  leap  from  one  to  another,  producin 
the  slow  combustion  so  much  desired  by  Otto.  Many  emineD 
scientific  men  supported  his  theory  of  stratification,  while  othei 
were  strongly  opposed  to  it,  and  it  has  now  been  discarded. 

The  patents  for  the  Otto  engine,  which  have  long  since  expiree 
were  formerly  acquired  in  England  by  Messrs.  Crossley,  of  Mai 
Chester ;  in  Paris,  by  the  Oompagnie  Fran^aise  des  Moteurs  a  Gaz 
in  America,  by  Schleicher,  Schumm  <&  Co.,  of  Philadelphia.     Tfa 

German  firm  have  long  bee 

established    at     Deuts,     nes 
Cologne. 

Several  of  these  firms,  whil 
adhering  to  the  principle  ( 
the  original  type,  have  mad 
many  iJterations  in  the  worl 
ing  details.  Ignition  by  a  h( 
tube  has  been  substituted  fc 
the  flame  carried  in  the  slid 
valve.  Pig.  46  gives  two  vie^ 
of  this  method  of  ignition,  f 
used  for  many  years;  it  hi 
recently  been  again  modifier 
C  is  the  passage  into  the  cylu 
der,  T  the  cast-iron  tube,  an 
R  the  asbestos  lining  of  tl 
chimney.  The  tube  is  close 
at  the  top,  and  kept  at  a  re 
heat  by  a  Bunsen  burner,  1 
During  the  compression  stroke  a  cam  on  the  counter-shaft  lifts  tl 
lever  L,  and  pushes  up  the  timing  valve  E  into  the  port  D.  N 
portion  of  the  compressed  charge  can,  therefore,  enter  the  tub 
and  any  burnt  gases  lefl  in  it  escape  through  A  into  the  atmospher 
At  the  inner  dead  point,  when  the  piston  has  completed  the  cor 
pression  stroke,  the  cam  leaves  the  lever  L  free,  E  is  drawn  dov 
by  the  spring  S,  and  the  compressed  mixture,  rushing  into  the  re< 
hot  tube,  is  there  fired  and  ignites  the  charge.  G  and  F  are  outl( 
channels  for  discharging  the  burnt  gases  through  A.  Thus  a  ric 
mixture  alone  enters  the  tube,  and  ignition  is  certain.  By  th 
method  the  pressure  of  the  charge  is  utilised,  and  is  made  to  fa 
the  flame  instead  of  blowing  it  out.  Porcelain  tubes  are  generall 
used  in  the  Crossley-Otto  engines,  because  they  appear  to  last  muc 


Fig.  46.— Otto  Engine— Ignition 
Tube.     1888. 
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longer.  Messrs.  Crossley  and  Holt  are  also  said  to  have  been  the 
first  to  introduce  the  pendnlam  governor,  and  Mr.  Holt  has  brought 
out  an  ingenious  oiler,  which  lubricates  acoorditig  to  the  amount  of 
work  on  the  engine. 

As  the  Otto  engine  became  more  popular,  and  larger  sizes  were 
made,  the  cost  of  working  it  with  town  gas  was  found  to  be  heavy, 
especiallj  on  the  Continent,  where  coals  are  generally  dearer  than 
in  England.  Several  methods  were  introduced  for  making  gas 
more  cheaply  than  by  distillation  from  coal.  These  will  be 
described  later  on;  the  system  most  generally  used  is  Dowson's 
<:heap  gas  producer,  which  reduces  considerably  the  cost  of  working 
an  engine,  as  compared  with  town  gas.  This  gas,  generated  on  the 
spot,  is,  however,  economical  only  when  employed  for  larger  engines. 
As  it  is  much  poorer  than  lighting  gas,  it  requires  to  be  diluted 
with  a  smaller  proportion  of  air ;  the  ratio  is  generally  about  1  of 
Dowson  gas  to  1^  of  air. 

For  powers  over  20  H.P.,  the  makers  of  the  Otto  brought  out 
engines  having  two  cylinders  side  by  side,  and  two  sets  of  valves, 
driven  from  an  auxiliary  shaft  placed  between  them.  One  governor 
regulated  the  speed.  The  two  motor  cranks  worked  on  one  shaft, 
•and  were  180*  apart^  thus  giving  a  motor  impulse  alternately  from 
each  piston,  for  every  revolution  of  the  crank  shaft.  A  two- 
cylinder  engine  indicating  30  H.P.  was  shown  at  the  Electrical 
Exhibition  at  Frankfort  in  1891.  Each  cylinder  was  complete  in 
itself,  with  hot-tube  ignition  and  admission  valves,  and  could  be 
worked  alone.  Gas  was  supplied  from  a  receiver  controlled  by  the 
governor,  which  could  be  disconnected  from  one  cylinder,  and  made 
to  act  upon  the  other  only,  if  less  power  was  required.  Messrs. 
Orossley  have  now  given  up  the  two-cylinder  type,  side  by  side,  for 
the  end  to  end  arrangement,  as  shown  in  Fig.  47.  At  Chicago  the 
Deutz  firm  exhibited  seven  gas  engines  from  2  to  20  B.H.P., 
besides  oil  motors.  A  vertical  6  H.P.  engine,  driven  either  by  gas 
or  oil,  and  running  at  360  revolutions  per  minute,  was  also  shown. 
It  has  no  timing  valve  or  side  shaft,  and  the  exhaust  only  is  driven 
by  an  eccentric,  the  other  valves  being  automatic.  A  flexible 
membrane  connected  to  the  exhaust  valve  is  depressed  during  each 
suction  stroke,  interposes  a  rod  between  the  eccentric  and  the 
«xhaust,  and  prevents  the  eccentric  from  acting  during  the  ensuing 
compression  stroke.  Thus  the  exhaust  remains  closed.  This  action 
is  suspended  by  the  governor,  if  the  normal  speed  is  exceeded,  and 
the  exhaust  opened  twice,  instead  of  once,  every  cycle.  A  different 
method  of  regulating  the  speed  is  sometimes  adopted  in  the  German 
engines,  and  the  governor  prevents  the  exhaust  valve  from  rising 
at  all.  The  advantage  of  this  arrangement  is  said  to  be  that  as 
soon  as  the  governor  releases  the  valve,  a  suction  instead  of  an 
expansion  stroke  follows.  In  all  modem  Otto  engines,  hot-tube  or 
electrical  ignition  is  used. 

For  large  and  medium  powers  the  horizontal  type  of  engine  is 
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always  adopted.  A  demand,  however,  soon  arose  for  small, 
light  engines,  oocupjing  little  space,  and  the  **  Domestic  motor," 
Fig.  48,  for  two-man  power  and  upwards,  was  brought  out  to 
meet  this  requirement.  Being  vertical,  it  is  more  compact  than 
a  horizontal  engine,   and  can  be  easily  transported.      It  has  few 


Fig.  48.— Otto-Croesley  Domestic  Motor.     1899. 

parts,  and  these  are  as  simple  as  possible.  A  pendulum  governor 
acts  on  the  gas  valve  through  a  vertical  rod  with  knife  edge, 
catching  at  a  given  moment  into  a  projection,  which  lifts  the 
valve  admitting  the  gas.  If  the  speed  increases,  the  pendulum 
swings  back  this  rod,  the  knife  edge  is  missed,  the  gas  valve  is 
not  opened,  and  no  explosion  occurs.      In  this  engine,  as  made 
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by  Messrs.  Crosslej,  gas  and  air  are  admitted  through  a  rotatory 
valTe  into  the  cylinder.  In  the  German  type,  the  ignition  tnbe 
is  not  shut  off  by  a  valve,  but  is  open  to  the  cylinder,  and  a 
certain  quantity  of  the  gases  of  combustion,  therefore,  remains 
permanently  in  it.  The  compression  stroke  forces  this  residuum 
and  part  of  the  fresh  charge  up  the  narrow  passage  leading  to  the 
hot  tube,  and  causes  ignition,  but  the  whole  charge  is  not  fired 
till  the  piston  has  passed  the  dead  point. 

The  Deutz-Otto  firm  now  make  engines  up  to  1000  H.P. 
The  vertical  type,  similar  to  Fig.  48,  is  constructed  in  sizes 
from  ^  to  16  B.H.P.,  and  runs  at  from  300  to  200  revolutions 
per  minute ;  or,  if  required  to  drive  dynamos,  up  to  330  revolu- 
tions. Horizontal  engines  are  in  sizes  from  1  to  150  H.P.  single 
cylinder,  and  60  to  300  H.P.  with  two  cylinders,  side  by  side. 
These  engines  are  also  made  with  two  and  four  cylinders  end 
to  end,  in  sizes  from  120  to  300  H.P.,  and  400  to  600  H.P.  re- 
spectively. The  average  speed  of  the  larger  motors  is  180  revolu- 
tions per  minute.  In  the  smaller  engines  the  air  enters  from 
below  through  a  throttle  valve,  the  gas  from  above,  and  both  pass 
through  an  automatic  mixing  valve  to  the  admission  valve,  which 
is  also  automatic,  and  thence  to  the  cylinder.  In  the  larger  engines 
all  the  valves  are  driven  by  gearing,  and  there  are  sometimes 
two  exhaust  valves.  For  small  powers,  the  engines  are  governed 
according  to  the  original  system  of  cutting  off  the  gas  supply  if 
the  normal  speed  is  exceeded.  In  the  larger  engines,  especially 
those  intended  to  drive  dynamos,  the  governor  acts  upon  a 
graduated  cam  upon  the  valve  shaft,  and  varies  the  proportion  of 
gas  to  air,  and  hence  the  richness  of  the  charge.  The  smaller 
engines  are  started  by  a  cam  on  the  valve  shaft,  holding  the  exhaust 
open  during  the  compression  as  well  as  the  discharge  stroke.  In 
engines  up  to  12  H.P.  there  is  no  timing  valve.  A  simple  method 
of  starting  larger  engines  has  lately  been  introduced.  Air  and  gas 
are  compressed  by  a  hand  pump  through  a  separate  valve  into 
the  cylinder,  the  flywheel  is  held  by  a  hand  brake,  and  so 
adjusted  that  it  is  thrown  off  automatically  as  soon  as  an  explosion 
of  gas  and  air  takes  place,  and  the  engine  is  started.  The  yearly 
output  of  the  Deutz-Otto  firm  is  about  1600  motors,  with  an 
aggregate  of  12,500  H.P.,  and  they  have  supplied  2200  engines  to 
generate  electricity. 

The  Otto  engine,  described  in  detail  in  the  beginning  of  this 
chapter,  is  of  the  original  type  brought  out  in  1876,  and  various 
modifications  and  improvements  have  since  been  made,  especially 
by  Messrs.  Crossley.  In  their  motors,  as  now  constructed,  the 
slide  valve  has  been  abolished  for  all  sizes  of  engines,  and  air 
and  gas  are  separately  admitted  through  lift  valves,  worked  by 
cams  on  the  counter  shaft.  The  exhaust  lift  valve,  worked  by  a 
cam  and  levers,  has  been  retained.  The  modem  ignition  by  hot 
tube,  instead  of  by  a  flame  in  a  cavity,  has  been  described  already. 
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Communication  between  the  cylinder  and  the  tube,  for  all  sizes  of 
engines  above  3  H.P.,  is  made  through  a  timing  valve,  worked  by 
a  cam.  A  patent  pendulum  governor  or  a  ball  governor  is  used. 
The  counter  shaft  is  driven  by  worm  gear  from  the  crank  shaft,  the 
oiling  is  practically  the  same  as  that  of  the  original  type.  Most 
Otto  engines  are  provided  with  a  safety  apparatus,  to  prevent 
their  starting  backward,  and  many  have  special  starting  gear. 

The  type  shown  at  Fig.  47  is  constructed  by  Messrs.  Crossley 
for  powers  from  160  to  540  I.H.P.,  and  nins  at  160  revolutions 


Fig.  49.— Otto-Crossley  Engine  for  Electric  Lighting.     1894-1899. 

per  minute,  with  lighting  gas.  A  horizontal  single  cylinder  type, 
also  for  lightins;  gas,  is  made  with  the  new  scavenging  method 
from  2i  to  160  I.H.P.,  and  has  a  speed  of  from  230  to  160  revolu- 
tions (see  Fig.  49).  For  electric  lighting  heavier  flywheels  are 
used,  and  two-cylinder  engines  for  larger  powers.  For  driving 
hoists,  pumping  water  or  sewerage,  the  Orossley-Otto  engines  are 
sometimes  coupled  direct  on  one  base  plate. 

The  Otto  engine  is  made  in  France  by  the  Compagnie  Fran9aise 
des  Moteurs  k  Gaz,  Paris,  and  is  constructed  horizontal,  single- 
cylinder,  in  sizes  up  to  150  H.P.  A  two-cylinder  engine,  develop- 
ing 300  H.P.,  or  150  H.P.  per  cylinder,  has  lately  (1899)  been 
constructed  by  them  to  work  with  high  furnace  gases,  and  another, 
of  double  the  power,  with  four  cylinders  of  equal  diameter  and  two 
cranks,  is  also  now  working  with  these  gases. 
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An  improvement  has  recenUj  been  introduced  by  Mr.  F.  W. 
Crossley  and  Mr.  Atkinson  (who  is  now  with  the  firm),  necessi- 
tating two  important  alterations  in  the  engine.  The  exhaust 
pipe  is  lengthened  to  about  65  feet,  and  the  admission  of  the 
charge  is  slightly  modified,  the  air  valve  being  opened  in 
advance  of  the  gas  valve,  and  a  little  before  the  end  of  the 
exhaust  stroke.  The  pressure  of  the  gases  in  the  cylinder  com- 
bines with  the  speed  created  by  the  long  exhaust  pipe  to  cause  a 
strong  current  of  fresh  air  through  the  compression  space,  sweep- 
ing out  the  burnt  products,  and  thus  the  cylinder  is  said  to  be 
more  perfectly  cleansed  from  the  residuum  of  the  former  charge 
before  the  gas  valve  opens,  and  a  fresh  mixture  begins  to  enter. 
This  scavenging  process,  or  air  blast,  is  further  assisted  by  the 
partial  vacuum  caused  by  the  reduced  pressure  in  the  cylinder. 
The  admission  ports  must  be  adjusted,  the  shape  of  the  cylinder 
at  the  clearance  end  altered,  and  all  sharp  bends  avoided,  to 
facilitate  the  speed  of  the  scavenger  charge. 

The  advantages  of  this  method  of  exhaust  and  admission  of 
air  bid  fair  to  make  it  one  of  the  most  important  innovations  yet 
introduced  in  four-cycle  engines,  the  value  of  which  can  scarcely 
be  overrated.  The  purity  of  the  fresh  charge  is  a  special  gain 
in  engines  worked  with  Dowson  or  other  power  gas,  and  renders 
ignition  more  certain  and  regular,  independently  of  the  varying 
quality  of  the  gas.  The  volume  of  cold  air  drawn  in  helps  to 
cool  the  cylinder  walls,  and  to  keep  the  engine  in  good  working 
condition  for  many  hours.  There  is  a  considerable  gain  in 
maximum  initial  pressure,  and  the  mean  pressure  in  the  cylinder 
is  also  much  higher.  In  a  test  carried  out  by  Messrs.  Crossley 
and  Atkinson  in  1894,  the  engine,  with  these  improvements, 
developed  39*9  H.P.  on  the  brake,  46*45  I.U.P.,  and  showed  a 
consumption  of  14*5  cubic  feet  of  Openshaw  gas  per  I.H.P., 
and  16*48  cubic  feet  per  B.H.P.  hour.  It  ran  at  173  revolutions 
per  minute,  the  mechanical  efficiency  was  86  per  cent.,  and  thermal 
efficiency  per  B.H.P.  24  per  cent.  The  heating  value  of  the  gas  was 
taken  at  640  T.U.  per  cubic  foot.  These  results  are  important,  con- 
sidering that  there  are  no  new  working  parts  in  this  modified  engine. 

According  to  Messrs.  Crossley,  the  usual  consumption  of 
Manchester  gas  for  driving  their  engines  varies  from  17  to  22 
cubic  feet  per  I. H.P.  hour,  in  proportion  to  the  size  of  the  engine. 
With  Dowson  gas  the  consumption  of  anthracite  is  from  1*0  to 
1*25  lb.  per  I.H.P.  per  hour,  or  of  coke  1*5  lb.  At  the  Crossley 
Works,  Dowson  gas  is  used  to  drive  engines  developing  up  to 
400  H.P.,  no  steam  power  being  employed.  More  than  30,000 
Crossley  engines  are  said  to  be  at  work  in  the  British  Isles  (1899). 
A  plant  on  a  large  scale  is  now  in  course  of  construction  for  driving 
centrifugal  pumps  at  a  pumping  station  in  London.  There  will  be 
four  260  I.H.P.  and  four  210  I.H.P.  engines,  all  double  cylinder, 
horizontal,  and  designed  to  work  with  town  gas. 
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Trials. — More  experimeats  have  probably  been  made  on  the 
Otto  than  on  any  other  gas  engine.  Details  of  these  will  be  found 
in  the  table,  bat  a  few  are  here  summarised.  The  earliest  published 
trials  were  carried  out  by  M^.  Brauer  and  Slaby,  in  Germany, 
in  187«.  The  engines  indicated  32  H.P.  and  6  H.P.;  the  first 
ran  at  180  revolutions,  the  second  at  159  revolutions  per  minute. 
Between  38  and  40  cubic  feet  of  gas  were  used  per  I. H.P.  per 
hoar.  This  was  a  large  consumption  for  an  Otto  engine,  though 
&t  the  time  the  economy,  as  compared  with  the  expenditure  in 
other  motors,  was  striking.  For  the  next  ten  years  the  consump- 
tion of  gas  gradually  diminished,  as 
various  improvements  were  effected 
in  the  engines,  and  the  amount  used 
varied  inversely  with  the  size  of  the 
engine  tested.  In  an  experiment*  by 
Dr.  Slaby  in  1881  on  a  4  H.P.  engine, 
making  157  revolutions  per  minute, 
the  gas  consumption  was  28*3  cubic 
feet  per  I.H.P.  per  hour.  An  indi- 
cator diagram  of  this  trial  is  given  at  Fig.  50.  A  14  I.H.P. 
engine,  tested  by  Garrett,  consumed  19*4  cubic  feet  of  Glasgow 
gas  per  LH.P.  per  hour  (diagram  Pig.  51).  An  early  trial  was 
made  by  Teichmann  &  Booking  in  1887  on  an  Otto  engine  of  50*8 
B.H.P.,  using  Dowson  gas,  in  which  the  consumption  was  103 
cubic  feet  per  hour  per  B.H.P.  In  1881  a  series  of  trials  were 
carried  out  at  the  Crystal  Palace  by  Professor  Gryll  Adams,  on 
Otto  engines  of  various  powers. 


Mnum^kerie  Lint 


Pig.  50.— Otto — Indicator  Dia- 
meter.    1881. 


Pig.  61. — Otto— Indicator  Diagram. 
1887. 


Fig.  62.— Otto— Indicator  Dia- 
gram.    1888.     Soc.  Arts. 


In  1888  a  series  of  trials  of  motors  for  electric  lighting  was 
made  in  London,  under  the  auspices  of  the  Society  of  Arts,  and  a 
9  H.P.  Otto-Crosaley,  an  8  H.P.  Griffin,  and  a  6  H.P.  Atkinson 
engine  were  tested  under  the  following  heads:— Regularity  of 
speed  under  varving  loads ;  power  of  automatically  varying  the 

*  Full  details  of  this  experiment  will  be  found  in  the  Appendix  to  ProfeBsor 
Fleeming  Jenkin's  Paper  on  "  Gas  and  Caloric  Engines."  Lecture  delivered 
before  the  Institution  of  Civil  Engineers  on  2l8t  Feb.,  1884. 
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speed  ;  noiselessness  ;  cost  of  construction,  of  maintenance,  and  of 
fael.  All  three  engines  worked  satisfactorily.  The  lowest  con- 
sumption of  gas  was  obtained  with  the  Atkinson  engine,  but  the 
Griffin  ran  with  great  regularity,  and  the  Otto  was  also  economicaL 
The  gas  used  in  all  the  trials  (Gas  Light  and  Coke  Go.)  was 
analysed,  and  its  mean  heating  value  determined  at  629  B.T.  U . 
per  cubic  foot.  The  quantity  of  jacket  water  per  hour  was  noted, 
as  also  its  temperature  on  entering  and  leaving  the  jacket,  and 
each  of  the  engines  was  tested  at  &11  power,  at  half  power,  and 
running  empty.  Fig.  52  gives  a  diagram  of  the  Otto  engine  taken 
during  the  trial. 

In  a  trial  made  in  1895  by  Professor  Kohler,  the  consumption 
in  a  30  6.H.P.  Deutz-Otto  engine,  running  at  200  revolutions  per 
minute,  was  16-9  cubic  feet  per  B.H.P.  per  hour  of  gas,  having  a 
heating  value  of  560  B.T.U.  per  cubic  foot.  Details  of  most  of  the 
modern  trials  will  be  found  in  the  Appendix. 

The  Iianche&ter  Belf*8tarter  is  a  device  for  starting  gas 
engines  of  any  size,  and  consists  of  a  tube  through  which  gas 
is  forced  into  the  cylinder,  displacing  part  of  the  air  and  mingling 
with  the  rest  to  form  an  explosive  charge ;  a  cock  at  the  top  of  the 
cylinder;  and  a  second  cam  on  the  auxiliary  shaft,  to  open  the 
exhaust  valve  during  the  compression,  as  well  as  the  exhaust 
stroke.  To  start  the  engine,  gas  is  introduced  through  a  noszle, 
and  also  conveyed  to  an  external  flame,  connected  to  the  cylinder 
by  an  automatic  valve.  As  the  gas  forces  out  the  air  the  pressure 
lifts  the  valve,  the  gas  ignites  at  the  external  flame,  and  strikes 
back  into  the  cylinder,  an  explosion  is  produced,  and  the  piston 
driven  out.    The  force  of  the  explosion  closes  the  automatic  valve. 


CHAPTER  VII. 
MODERN  BRITISH  GAS  ENGINES. 

Contents.— Electric  Lighting— Tangj-e— Stockport— Aom€ — Fielding  and 
PJatt  —  Forward  —  Midland  —  Express  —  Shipley  —  Trusty  —  Premier — 
National  —  Robey—  Gardner  —  Campbell  —  Roots —  Clarke-Chajpman  — 
Dawson — Grice — Dudbridge — Globe-— Lawton  — Ideal —  Small  Motors  — 
Edmondson  Starter. 

Two  circumstances  have  chiefly  contributed  to  the  great  develop- 
ment of  gas  engines  within  the  last  few  years  in  England.  The 
iirst  is  the  extensive  and  increasing  application  of  electricity  to 
lighting,  and  the  demand  which  has  arisen  for  gas  engines  to  drive 
dynamos  in  country  mansions,  &c.,  as  being  more  suitable  and 
economical  than  steam.     No  cost  is  incurred  with  gas  engines  when 
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not  running.  As  it  is  seldom  necessary  to  furnish  power  for 
elecMc  light  for  more  than  a  few  hours  at  a  time,  a  gas  motor, 
easily  started  and  stopped,  is  preferable  to  a  steam  engine  and 
boiler,  where  the  fire  must  be  lighted  some  time  before,  to  get  up 
steam.  The  economy  of  gas  engines  for  electric  installations  is  also 
marked,  even  where  town  gas  is  used.  It  has  been  found,  and 
attention  was  first  drawn  to  the  fact  by  Sir  W.  Siemens,  that  coal 
gas  gives  much  more  light  when  furnishing  power  electrically 
through  a  gas  engine  and  dynamo,  than  when  the  same  quantity  of 
gas  is  burnt  in  the  ordinary  way.  At  Dessau  in  Germany  an 
electric  light  installation  has  been  driven  by  engines  worked  with 
town  gas  since  1886.  There  are  at  this  town  engines  of  60  B.H.P. 
and  120  B.H.P.,  the  latter  coupled  direct  to  its  dynamo.  This 
arrangement  is  found  to  conduce,  not  only  to  increased  power,  there 
being  less  loss  in  transmission,  but  to  economy  of  space,  when  an 
electric  installation  is  required  in  the  centre  of  a  town.  Where 
gas  generators  are  used  supplying  Dowson  or  other  power  gas  to 
the  engines,  the  economy  is  much  greater,  the  fuel  costing  about 
half  that  required  in  a  steam  engine  and  boiler,  to  give  the  same 
power.  At  Schwabing,  near  Munich,  electricity .  for  lighting  the 
town  is  obtained  from  a  40  B.H.P.  Otto  engine,  worked  with 
Dowson  gas,  made  from  German  anthracite.  The  consumption  of 
fuel  is  1-54  lbs.  per  RH.P.  hour,  and  3*3  lbs.  per  kilowatt  per  hour. 
At  Morecambe,  where  Stockport  engines,  each  of  16  H.P.  nominal, 
are  employed  to  drive  the  electric  light  installation,  the  cost  when 
town  gas  was  used  was  about  l|d.  per  kilowatt ;  with  Dowson  gas 
it  is  |d.  per  kilowatt.  Most  of  the  larger  firms,  both  in  England 
and  on  the  Continent,  now  make  gas  engines  for  electric  lighting. 
They  run  at  a  higher  speed  than  ordinary  motors,  and  the  governing 
is  more  delicately  adjusted,  to  vary  the  quality  and  quantity  of 
gas  admitted. 

Another  reason  why  gas  engines  have  become  more  popular  in 
England  is  the  expiration  of  the  Otto  patent,  which  has  given  an 
additional  impetus  to  their  manufacture.  Hitherto  the  four-cycle 
has  been  found  the  best  and  simplest  type  of  engine,  working 
practically  with  as  much  economy  as  others  of  more  elaborate  con- 
struction. To  avoid  infringing  the  patent,  makers  had  recourse  to 
various  devices  to  alter  the  working  method,  most  of  which  were 
abandoned  as  soon  as  the  Otto  engine  became  public  property.  At 
the  same  time  the  sudden  and  universal  competition  reduced  the 
price  of  gas  engines,  and  increased  their  sale.  Some  makers  had 
long  been  prepared,  as  soon  as  the  patent  expired,  to  bring  out 
engines  using  the  Beau  de  Eochas  or  Otto  cycle. 

Tangye.  ••— Among  the  foremost  were  Messrs.  Tangye,  of 
Birmingham,  who  ceased  to  construct  the  engine  described  at  p. 
57  (Robson's  patent),  and  since  1891  make  engines  only  on  the 
Otto  four-cycle  principle,  with  Pinkney's  improvements.  Next  to 
Messrs.  Crossley,  they  at  present  build  some  of  the  largest  motors 
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in  England.  Their  single-cylinder  engines  range  from  |  to  200 
B.H.P.  and  upwards,  and  two-cylinder  engines  from  86  to  292 
B.H.P.  with  town  gas  (340  I.H.P.).     The  smaller  sizes  have  no 
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timing  valve,  punctual  ignition  being  obtained  by  adjusting  the 
chimney.  The  principal  improvements  introduced  are  in  the  com- 
bustion chamber,  which  is  carefully  constructed  to  prevent  shock, 
and  render  the  engine  suitable  for  driving  a  dynamo  direct,  and 
also  to  ensure  steady  and  complete  combustion  of  the  charge  during 
the  whole  of  the  motor  stroke.  Compression  is  now  carried  to 
90  lbs.  per  square  inch,  and  the  combustion  space  is  therefore 
correspondingly  reduced.  To  withstand  the  increased  pressure  the 
cylinder  casing,  combustion  chamber,  and  exhaust  valve  box  are  all 
made  in  one  casting.  Messrs.  Tangye  also  supply  a  pressure 
starter  to  engines  above  16  H.P.  nominal,  which  will  start  even 
large  twin-cylinder  motors.  Gas  and  air  are  pumped  into  a 
separate  receiver  in  such  proportions  that  they  are  not  inflammable 
until  they  reach  the  cylinder,  and  mix  with  the  air  it  contains. 


Fig.  54. — Tangye  Gas  Engine.     1899.     (Type  for  Bmaller  sizes.) 

An  explosive  charge  being  thus  formed  at  about  50  lbs.  pressure, 
the  piston  is  driven  forward,  the  ignition  valve  hitherto  held  closed 
is  uncovered,  and  the  charge  fired.  A  very  sensitive  governor  is 
used,  and  conduces  to  steamness  in  running.  It  acts  by  means  of 
a  cam  on  the  side  shaft  upon  a  roller  on  the  gas  valve-rod.  In 
order  to  prevent  a  slip  where  the  two  come  in  contact,  and  hence  a 
defective  opening  of  the  gas  valve,  the  shaft  carries  a  second  knife- 
edged  cam,  which  fits  into  a  collar  on  the  roller,  and  defines  the 
exact  point  of  contact  between  it  and  the  governing  cam. 

Messrs.  Tangye,  who  have  had  twenty  years'  experience  in  gas 
engine  construction,  have  especially  devoted  themselves  to  the 
production  of  large  power  motors.  One  of  their  ty|>es  is  a  single- 
cylinder  engine  of  24  inches  diameter  and  30  inches  stroke,  driven 
by  Dowson  gas,  with  a  consumption  of  0*8  lb.  Welsh  anthracite 
per  I. H.P.  hour  (see  Fig.  53).  To  diminish  the  pressure  this 
engine  has  two  exhaust  valves,  a  larger  and  a  smaller,  the  latter 
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having  a  slight  lead.  The  gas  valve  is  not  opened  direct  by  the 
cam  from  the  governing  shaft,  but  the  lever  acts  on  the  valve 
spindle  through  a  secondary  lever  and  tumbler ;  this  arrangement 
is  said  to  prevent  wear  of  the  heavy  valves  required  for  producer 
gas.  Fig.  54  shows  a  type  for  small  power  engines.  The  firm  have 
introduced  a  gas  generator  for  driving  larger  power  motors ;  it  is 
described  at  p.  176.  They  claim  a  consumption  with  town  gas 
of  19-5  cubic  feet  per  B.H.P.  hour  in  a  2  B.H.P.  engine,  running 
at  250  revolutions  per  minute,  and  15*9  cubic  feet  per  B.H.P. 
hour  in  a  20  B.H.P.  engine,  with  a  speed  of  180  revolutions. 

Qas  Hammer. — They  were  also  the  first  to  bring  out  a  gas 
hammer  for  forging  purposes.  This  useful  little  striker  is  not  a  gas 
engine  driving  a  hammer,  but  the  explosion  of  the  inflammable 
mixture  acts  direct  upon  the  hammer,  and  greater  economy  is  thus 
obtained,  since  gas  is  used  per  stroke,  as  required.  The  smallest 
size,  I  cwt,  can  deliver  120  blows  per  minute,  or  2500  blows  at  a 
cost  of  Id.  of  gas,  at  2b.  6d.  per  thousand  cubic  feet.  The  largest 
size  has  a  water  jacket. 

The  Fawoett  engine,  brought  out  by  Fawcett,  Preston  &  Co., 
Liverpool,  from  the  designs  of  Mr.  Beechey,  is  no  longer  made.  A 
trial  was  carried  out  by  Mr.  Miller  in  February,  1890. 

Stookport. — As  soon  as  the  Otto  patent  expired,  the  Stockport 
firm,  among  others,  adopted  the  Otto  cycle  for  all  classes  of  their 
engines,  with  various  improvements  in  detail.  In  their  latest 
motors  all  valves  are  of  the  mushroom  lift  type,  and  are  worked  by 
levers  from  cams  on  the  auxiliary  shaft,  geared  2  to  1  to  the  crank 
shaft.  Compressions  up  to  85  lbs.  per  square  inch  for  coal  gas,  and 
100  lbs.  for  power  gas  are  now  used,  and  the  combustion  space  or 
cylinder  end  is  cast  in  one  piece  with  the  exhaust  valve  box.  The 
gas  valve  is  controlled  by  the  ball  governor,  and  the  admission  is 
cut  off  if  the  normal  speed  is  exceeded.  All  engines  are  governed 
on  the  **  hit-and-miss "  principle.  In  larger  motors,  and  in  those 
intended  for  driving  dynamos,  the  governor  actuates  a  small  bell 
crank  lever  below  the  gas  valve  spindle,  and  shifts  it  to  one  side,  if 
the  speed  is  too  great ;  no  gas  then  enters  the  cylinder  during  the 
cycle.  In  the  smaller  engines  a  very  simple  governor  is  used,  con- 
sisting of  a  weight  on  a  spring,  moved  by  a  vibrating  lever.  For 
the  low-pressure  starting  gear  the  advantage  is  claimed  that  the 
engine  itself  performs  the  whole  operation,  as  soon  as  the  gas  is 
turned  on.  The  crank  is  first  placed  in  position  with  the  ignition 
tube  open  to  the  cylinder,  and  all  other  valves  closed.  The  Bunsen 
burner  is  lit,  and  as  soon  as  the  ignition  tube  is  red  hot  gas  is 
admitted  through  a  small  auxiliary  valve,  thrown  out  of  gear  by 
the  first  explosion.  The  gas  drives  out  the  air  in  the  cylinder 
through  the  ignition  tube,  and  when  it  is  all  expelled,  and  the  gas 
begins  to  follow  it,  the  heat  of  the  tube  fires  the  gas,  the  flame 
strikes  back  into  the  cylinder,  an  explosion  occurs,  and  the  engine 
begins  to  work. 


THK   STOCKPORT   GAS    ENQINB. 


95 


Large  engines  are  fitted  with  a  double  ignition  tube  so  that,  if 
one  tube  gives  way,  the  second  may  be  put  into  action  at  once, 
without  stopping  the  engine.  A  modification  of  the  scavenging 
principle  is  also  employed,  and  although  the  exhaust  pipe  is  not 
exceptionally  long,  tlie  valves  are  so  arranged  that  air  alone  enters 


first,  just  before  the  charge  is  admitted,  thus  reducing  the  con- 
sumption  of  gas.  The  latest  engines  are  made  horizontal,  single 
cylinder,  single-acting,  in  sizes  from  1  to  125  B.H.P.  (see  Fig.  55), 
and  run  at  240  to  150  revolutions  per  minute,  and  at  a  maximum 
piston  speed  of  750  feet  per  minute.    Above  this  size  two  cylinders 
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are  used,  either  tandem  or  side  by  side,  up  to  250  B.H.P.  Messrs 
Andrew  also  make  portable  engines  from  4  to  15  RH.P.,  and  a 
small  vertical  type  in  two  sizev,  1^  and  5  B.H.P.,  running  at  22C 
and  200  revolutions.  The  larger  engines  can  be  driven  with  coal, 
producer,  or  Mansfield  oil  gas. 

In  a  65  I.H.P.  motor  driving  a  com  mill  near  Tonbridge,  the 
results  of  a  test  made  with  Dowson  gas  gave  0*93  lb.  of  fuel  con- 
sumption per  I.H.P.  hour,  or  1*16  lb.  per  B.H.P.  hour.  A  test 
was  carried  out  in  1898  on  an  engine  driven  by  Dowson  gas  at 
Portadown,  in  which  the  indicated  H.P.  was  52,  and  the  mean 
consumption  of  best  Welsh  anthracite  0*78  lb.  per  I.H.P.  hour,  the 
speed  being  134  revolutions  per  minute.  In  a  47  B.H.P.  engine 
tested  at  Belfast  the  consumption  was  16 '83  cubic  feet  of  lighting 
gas  per  B.H.P.  hour.  Another  trial  was  carried  out  in  1898  at 
Dartford  under  ordinary  working  conditions  on  two  Stockport 
engines  of  85*5  B.H.P.,  fed  with  producer  gas  from  a  Paisley 
generator,  in  which  the  consumption  of  anthracite  was  0*88  lb.  per 
B.H.P.  hour.  An  important  plant  for  supplying  electric  light  ta 
the  Islington  Agricultural  Hall  has  lately  been  erected.  There  are 
live  Stockport  engines,  each  coupled  to  a  separate  dynamo,  and 
developing  about  63  B.H.P.  The  consumption  of  London  lighting 
gas  is  about  15^  cubic  feet  per  B.H.P.  hour.  All  the  power 
required  for  Messrs.  Andrews'  Works  at  Stockport  is  supplied  by 
two  of  their  own  gas  engines  of  40  B.H.P.,  which  drive  all  the 
shafting  (see  on  this  subject  Mr.  Bellamy's  paper,  ''Gas  Engines  as 
Motive  Power  in  Engineering  Works  ").  During  nearly  a  quarter 
of  a  century  the  firm  have  made  about  8000  motors,  2000  of  these 
being  of  the  original  type,  and  3000  Bisschop  engines. 

Aome. — The  first  Acm^  engine,  patented  by  Messrs.  M'Ghee, 
Burt  &  Co.,  of  Glasgow,  showed  a  novel  attempt  to  solve  the 
problem  of  how  to  increase  expansion  of  the  explosive  gases  in 
proportion  to  admission  and  compression.  In  this  eugine  there 
were  two  horizontal  cylinders,  two  pistonp,  and  two  crank  shafts 
connected  by  spur  wheels  in  the  proportion  of  2  to  1.  The  cylinders 
were  alongside  each  other,  one  being  shorter  and  smaller  than  the 
other.  While  the  piston  of  the  larger  cylinder  made  one  stroke, 
the  piston  of  the  smaller  made  two,  one  crank  and  one  shaft  ran 
therefore  at  half  as  many  revolutions  as  the  other.  The  cylinder 
volumes  and  lengths  of  stroke  also  differed,  and  the  cranks  being  at 
different  angles  the  pistons  did  not  work  together.  When  the  first 
or  larger  piston  had  completed  the  in  or  out  stroke,  the  smaller 
second  piston  was  about  45*  behind.  The  cycle  of  operations  was 
divided  between  the  two  cylinders.  Hot-tube  ignition  without  a 
timing  valve,  and  discharge  of  the  gases  of  combustion  both  took 
place  in  the  smaller  cylinder,  the  piston  of  which  uncovered  these 
openings  near  the  beginning  and  end  of  its  out  stroke.  The  firing  of 
the  charge  and  the  exhaust  were  timed  to  occur  when  the  first  piston 
was  at  positions  corresponding  to  the  inner  and  outer  dead  points. 
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SeTend  sixes  of  this  engine  were  tested,  both  with  full  load  and 
running  light,  by  Professor  Rowden,  of  Ghungow.  In  1888  and  1889 
he  experimented  upon  2  H.P.  engines,  ninning  at  170  revolntions 
per  minute.  A  trial  at  full  power  gave  3-14  RH.P.,  and  a  cor- 
responding consumption  of  18*1  cubic  feet  of  gas  per  hour. 

A  four-cycle  type  of  this  engine  has  been  brought  out,  with  one 
cylinder,  in  which  the  usual  functions  of  admission,  compression, 
explosion  and  expansion,  and  exhaust  are  carried  out.  Gas  and  air 
are  admitted  to  a  mixing  chamber  at  the  back  of  the  cylinder 
throagh  mushroom  valves.  A  double-headed  piston  valve,  worked 
by  a  small  crank  from  a  side  shaft  geared  oj  wheels  of  equal 
diameter  to  the  motor  shaft,  runs  behind  and  at  right  angles  to  the 
cylinder,  and  through  ports  between  the  two  pistons  of  this  valve 
the  charge  of  gas  and  air  enters.  The  outward  movement  of  the 
valve  piston  next  closes  the  admission  openings,  and  uncovers  the 
ignition  tube.  The  charge  is  fired,  and  the  gases  of  combustion  are 
driven  out  by  the  return  stroke  of  the  motor  piston,  through  ports 
uncovered  by  the  further  motion  of  the  valve  piston.  As  in  the 
former  engine  the  admission  ports  are  shut  off  when  the  motor 
piston  is  three-quarters  through  its  first  stroke,  but  compression 
and  expansion  both  occupy  one  whole  stroke;  and  thus  are  greater 
in  proportion  to  the  quantity  of  gas  and  air  admitted  than  is  usual 
in  four-cycle  motors.  An  inertia  governor  acts  on  the  hit-and-miss 
principle  upon  the  gas  valve,  and  regulates  the  consumption. 

Fielding. — This  engine,  made  by  Messrs.  Fielding  tb  Piatt,  of 
Gloucester,  is  constructed  on  the  principle  of  the  Otto,  and  has  the 
same  four  cycle;  the  slide  valve  is  abolished,  and  the  parts  are 
simple.  Ignition  is  by  a  tube  maintained  at  red  heat  by  a  Bunsen 
burner,  but  there  is  no  timing  valve  to  the  smaller  engines, 
though  for  larger  sizes  it  has  been  found  necessary.  A  timing 
valve  is  constructed  to  open  the  part  leading  to  the  hot  ignition 
tube,  at  the  exact  moment  when  an  explosion  is  required. 
Punctual  ignition  is  a  necessary  feature  of  nearly  all  gas  engine 
cycles.  Some  inventors,  however,  have  succeeded  in  dispensing 
with  the  timing  valve,  and  they  maintain  that,  by  varying  the 
length  of  the  ignition  tube,  and  the  distance  from  the  red-hot 
metal  to  the  motor  cylinder,  accurate  ignition  can  be  obtained. 
The  gases  do  not  reach  this  heated  part  of  the  tube  until  the  end 
of  the  in  stroke,  when  compression  is  greatest.  Ignition  at  the 
dead  point  has  been  one  of  the  main  features  of  the  gas  engine 
theory  since  the  time  of  Beau  de  Rochas,  and  it  may  be  doubted 
whether  it  is  really  so  easily  obtained  as  these  inventors  assert. 
The  practice  of  dispensing  with  the  timing  valve  is,  however, 
sanctioned  by  no  less  an  authority  than  Mr.  Atkinson. 

In  the  Fielding  &  Piatt  engine,  the  organs  of  distribution  and 
exhaust  and  the  oiling  apparatus  are  driven,  as  in  the  Otto,  from  a 
side  shaft  worked  by  worm  gear  from  the  main  shaft.  The  valves 
are  opened  by  cams.     Another  cam  actuates  the  governor,  which  is 
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simply  a  small  dash  pot,  with  a  piston  connected  to  a  lever  opening 
the  gas  valve.  If  the  speed  be  too  great,  the  dash  pot  cannot 
overtake  the  motion  of  the  engine,  and  is  left  behind ;  it  drags  back 
the  piston,  raises  the  lever,  and  the  gas  valve  remains  closed. 
Several  large  sizes  of  this  engine  were  exhibited  at   the  Royal 


Agricultural  Society's  show  at  Doncaster  in  1891,  when  it  was 
brought  to  public  notice  for  the  first  time.  The  makers  claim  a  gas 
consumption  of  17  to  25  cubic  feet  per  I.H.P.  per  hour,  according 
to  the  size  of  the  engine,  and  quality  of  gas  used.  It  is  made 
horizontal  single  cylinder  from  1  to  100  B.H.P. ;  for  larger  powers 
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two  cylinders  are  used.     Vertical  1^  to  2}  B.H.P.     The  speed  is 
from  200  to  160  revolations  per  minate. 

A  well  designed  horizontal  type,  indicating  100  H.P.,  has  been 
brought  out.  There  is  one  "  mitred-seated  valve  for  admitting 
the  charge  and  expelling  the  burnt  products.  A  piston  valve  driven 
by  an  eccentric  on  the  crank  shaft  opens  communication  between 
the  inlet  and  exhaust  cylinder  ports  and  this  valve,  the  rod  of 
which  is  worked  by  a  cam.  Ignition  is  by  hot  tube,  and  there  is  a 
timing  valve  in  this  engine,  acted  on  by  the  same  eccentric  as  the 
piston  valve.  Both  tube  and  timing  valve  are  made  in  duplicate, 
an  arrangement  found  in  other  large  English  engines.  The  timinir 
cam  can  be  adjusted  by  hand,  and  thus  the  moment  of  firing  altered 
at  will  while  the  engine  is  running.  All  these  organs  are  contained 
in  a  valve  chest  at  the  side  of  the  motor  cylinder.  This  engine  is 
abo  provided  with  a  special  starting  gear,  consisting  of  a  reservoir, 
into  which  air  is  compressed  by  the  action  of  the  piston.  To  start 
the  engine  the  cylinder  is  first  filled  with  gas,  and  the  supply  cocks 
being  closed,  the  compressed  air  is  then  allowed  to  enter.  This 
method  is  said  to  be  powerful  enough  to  start  an  engine  with 
partial  load  on.  The  motor  has  a  ball  governor  worked  from  the 
crank  gear  wheel,  which  controls  both  the  air  and  admission  valves. 
The  quality  of  the  charge  is  varied  in  proportion  to  the  speed,  but 
there  are  no  "  cut-outs  "  or  miss  fires.  Another  method  is  to  reduce 
the  supply  of  air  and  gas  simultaneously.  Less  of  the  charge  enters 
the  cylinder,  compression  is  reduced,  and  the  following  explosion  is 
weaker.  The  largest  size  at  present  made  is  a  200  H.r.  engine 
with  two  cylinders,  driven  by  power  gas  supplied  from  a  Fielding 
&  Piatt  producer.  The  consumption  in  these  large  plants  is 
about  1  lb.  of  anthracite,  or  1}  lb&  of  cdke  per  B.H.J?.  hour. 
Several  plants  and  engines,  in  sizes  varying  from  16  H.P.  to  200 
H.P.,  have  lately  been  erocted.  It  is  on  a  Fielding  dt  Piatt 
engine  that  experiments  are  now  being  made  by  the  Gas  Engine 
Research  Committee  of  the  Institution  of  Mechanical  Engineers, 
London.  See  Appendix  A,  Table  2,  for  details.  Fig.  56  gives  an 
external  view  of  a  single-cylinder  motor.  A  100  B.H.P.  engine 
was  exhibited  at  Brussels  in  1897. 

Forward. — The  Forward  engine,  made  by  Messrs.  Barker  dt  Go., 
of  Birmingham,  is  a  simplified  Otto.  The  Beau  de  Rochas  cycle  is 
used,  but  several  improvements  have  been  introduced.  There  is 
no  admission  slide  vflJve,  and  ignition  is  by  a  hot  tube,  as  in  most 
modern  English  gas  engines.  The  chief  novelty  is  the  device  used 
to  obtain  punctual  ignition  of  the  charge  without  a  timing  valve. 
The  opening  of  the  tube  is  covered  by  a  rotating  disc,  with  **  hit- 
and-miss  ''  slots ;  the  surface  of  the  disc  is  divided  into  radiating 
sections,  alternately  pierced  and  solid,  which,  as  the  disc  rovolves, 
are  brought  successively  across  the  ignition  port.  According  to 
the  section  of  the  disc  facing  it,  the  ignition  port  communicates 
with,  or  is  shut  oS  from,  the  cylinder.     This  arrangement  is  found 
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in  Beveral  foreign  engines,  and  is  not  new.  In  some  of  the  Forwati 
engines  a  ball  governor,  in  others  a  rotary  goYornor,  is  used,  an< 
arranged  to  regulate  the  speed  of  the  engine  in  three  difieren 
ways.  It  controls  the  admission  of  the  charge  of  gas  and  air  int 
the  combustion  chamber  and,  at  the  same  time,  the  rotatory  motioi 
of  the  disc.  Unless  there  is  a  charge  in  the  chamber,  the  dis 
cannot  open  the  ignition  port,  nor  can  the  charge  pass  into  tb 
chamber,  unless  an  open  slot  faces  the  ignition  port.  Lastly,  thi 
governor  acts  upon  ike  supply  of  gas,  and  cuts  it  off  altogethei 
should  the  speed  increase  greatly  beyond  the  normal  limits.  Th 
same  cylinder  port  serves  for  admission  and  exhaust.  By  thi 
arrangement  the  port  is  said  to  be  kept  cool,  and  the  waste  q 
mixed  gases  prevented.  For  starting  the  Lanchester  apparatus  i 
used.  The  engine  is  made  in  sizes  from  2|  to  53  B.H.P.,  and  run 
at  200  to  160  revolutions  per  minute,  or  £uter,  if  used  to  driv< 
a  dynamo.  Only  horizontal  single-cylinder  engines  are  constructed 
and  if  more  power  be  required  the  engines  are  coupled. 

Tests  have  been  made  on  the  Forward  engine  by  Prof.  Rober 
Smith  and  by  Mr.  Holroyd-Smith,  and  both  these  experts  hav( 
reported  favourably.  During  trials  of  several  hours  the  engin( 
ran  very  steadily,  and  was  found  to  work  well,  even  under  th( 
severe  test  of  counting  the  revolutions  every  ten  seconds,  instea( 
of  every  minute,  and  varying  the  weight  on  the  brake  as  rapidh 
as  possible.  The  real  test  of  regular  working  in  an  engine  i 
absence  of  fluctuations  in  the  speed,  when  the  load  is  suddenly  pu 
on  or  taken  off,  as  in  electric  installations.  In  a  test  made  b] 
Professor  R.  Smith  at  full  load  the  speed  was  177  revolutions  pei 
minute,  with  59  explosions,  or  one  in  three.  The  consumption  o 
Birmingham  gas  per  I.H.P.  per  hour  was  20-79  cubic  feet,  anc 
23-97  cubic  feet  per  B.H.P.  hour.  The  mechanical  efBciency  wai 
86  per  cent.  Another  trial  was  made  at  the  Birmingham  Gai 
Works  in  1894  on  a  22*85  B.H.P.  engine,  in  which  the  gas  con 
sumption  was  21  cubic  feet  per  B.H.P.,  and  17|  cubic  feet  pei 
LH.P.  hour.     The  mechanical  efficiency  was  84  per  cent. 

Midland. — The  first  engine  of  this  name,  manufactured  bj 
Messrs.  John  Taylor,  of  Nottingham,  had  two  cylinders,  motoi 
and  pump,  both  single-acting,  and  fixed  upon  the  same  frame.  Ii 
the  vertical  type  the  two  cylinders  were  side  by  side.  The  charge 
was  admitted  and  compressed  in  the  pump,  and  exploded,  expanded 
and  discharged  in  the  motor  cylinder,  thus  giving  an  explosiox 
every  revolution.  The  admission  valves  were  driven  by  an  eccen 
trie  and  rod  on  the  main  shaft,  and  the  gas  valve  connectec 
to  a  centrifugal  governor.  Ignition  was  by  hot  tube,  without  i 
timing  valve,  the  length  of  the  tube  determining  the  moment  o 
ignition. 

Messrs.  Taylor  htave  now  given  up  the  manufacture  of  this  type 
and,  like  many  oth^er  firms,  make  engines  exclusively  on  the  four 
cycle  principle,  sinigle  cylinder  and  chiefly  horizontal.     There  ii 
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one  small  vertical  type  from  1  to  4  ILP.  The  horizontal  engines 
range  from  ^  H.P.  to  150  B.H.P.,  and  are  chiefly  oonstmcted  with 
the  cylinder  supported  on  a  cast-iron  foot,  but  not  overhanging. 
All  the  valves  are  worked  by  cams  on  a  side  shaft,  driven  2  to  1 
from  the  main  shaft,  and  the  gas  supply  is  controlled  by  a  ball 
governor.  The  smaller  sizes  up  to  18  B.H.P.  have  no  timing  valve, 
and  the  makers  claim  that  regularity  of  ignition  is  obtained  with- 
out difficulty,  if  the  position  of  the  external  flame  heating  the  tube, 
and  the  length  of  the  latter,  are  carefully  adjusted.  For  sizes  from 
20  to  150  B.H.P.  the  engines  are  fitted  with  a  timing  valve  and 
starting  apparatus.  The  Midland  has  been  largely  applied  to  drive 
dynamos,  mills,  pumping  engines,  Ac.,  in  England  and  abroad,  and 
is  used  with  producer  gas  with  good  results.  A  test  was  made  at 
Nottingham  in  1897  on  a  47  B.H.P.  engine,  driven  with  power  gas 
made  from  coke,  Ac.  The  cylinder  diameter  was  16  inches  with 
21 -inch  stroke,  and  the  engine  ran  at  218  revolutions  per  minute. 
The  consumption  of  this  poor  fuel  was  1*53  lbs.  per  B.H.P.  hour; 
mechanical  efficiency  81  per  cent.  Another  trial  was  carried  out 
at  Worcester  on  a  70  B.H.P.  motor  driven  by  power  gas  from 
a  Midland  producer,  and  especially  adapted  for  such  work.  The 
speed  of  the  engine  was  17^  revolutions  per  minute;  cylinder 
<]Qameter  19  inches,  stroke  24  inches.  There  were  no  miss  fires. 
The  mean  pressure  was  72-3  lbs.,  and  the  engine  indicated  77  H.P. 
The  consumption  of  cheap  small  anthracite  was  0*65  lb.  per  I. H.P. 
hour.  An  engine  of  the  same  size  at  Nice  consumed  17  cubic  feet 
of  town  gas  per  B.H.P.  hour,  and  this  is  about  the  guaranteed 
consumption  for  motors  of  this  power. 

Express. — The  Express,  made  by  Messrs.  Fumival  &  Co.,  of 
Beddish,  near  Stockport,  is  another  single-cylinder  gas  engine 
which  has  appeared  since  the  expiration  of  the  Otto  patent.  In 
design,  construction,  and  cycle  of  operations  it  closely  resembles 
that  engine.  Admission  is  by  ordinary  lift  valves,  with  hot-tube 
ignition.  The  side  shaft  is  driven  in  the  usual  way  by  worm  gear 
from  the  main  shaft,  and  a  centrifugal  governor  acts  on  the  gas 
valve.  Four  engines  of  sizes  varying  from  2  to  25  B.H.P.  were 
shown  at  the  Brussels  Exhibition,  1897. 

Bobson's  Shipley. — Mr.  John  Bobson,  of  Shipley,  makes  a 
small  single-cylinder  horizontal  type,  in  sizes  frx>m  }  to  6  H.P.  con- 
structed on  the  same  principles,  and  using  the  same  cycle  as  the 
Otto,  with  lift  valves  and  hot-tube  ignition.  The  gas,  admission, 
and  exhaust  valves  are  worked  by  cams  on  the  side  shaft,  geared  to 
the  main  shaft  in  the  usual  proportion ;  there  is  a  ball  governor, 
and  no  timing  valve. 

Trusty. — This  engine,  made  by  Messrs.  Weyman,  of  Chelten- 
ham, is  a  well-constructed  motor  using  the  four-cycle,  and  having 
an  explosion  every  two  revolutions.  The  valves,  of  the  mushroom 
type,  are  worked  by  a  side  shaft  driven  from  the  main  shaft,  the 
valve  box   being  placed  at  the  side  of  the  cylinder.     Hot-tube 
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ignition  is  used  without  a  timing  Talve,  the  tuhe  being  inverted. 

This    novel  arrangement  is    intended    to  fprocure   more    certain 

ignition,  because  th  at 
part  of  the  tube  near- 
est the  cylinder  is 
hotter  than  when  the 
tube  is  upright.  In 
some  engines  the 
governor  consists 
simply  of  a  weight 
attached  to  one  arm 
of  a  lever  swinging 
on  a  pivot,  the  other 
shorter  arm  of  which 
opens  the  gas  valve, 
unless  the  normal 
speed  be  exceeded. 
An  8  B.H.P.  engine 
was  tested  at  the 
Crystal  Palace  Ex- 
hibition in  1892, 
when  the  consump- 
tion of  gas  was  24 
cubic  feet  per  B.H- P., 
and  16-45  cubic  feet 
per  I.H.P.  per  hour. 
This  engine  is  made 
horizontal,  single 
cylinder,  in  sizes 
from  2^  to  80 1.  H.  P., 
and  runs  at  200  to 
160  revolutions  per 
minute,  and  it  is  also 
constructed  with  two 
or  three  cylinders 
side  by  side  for  driv- 
ing dynamos. 

Premier. — The 
Premier  engine, 
made  by  Messrs. 
Wells,  Bro8.,ofSandi- 
acre,  near  Notting- 
ham, works  with  the 
four-cycle  and  hot- 
tube  ignition,  and 
without  a  timing 
valve,  except  in  the  larger  sizes.  The  side  valve  shaft  is  geared  2  to 
1  to  the  main  shaft.     In  the  smaller  engines  an  inertia  governor  is 
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used,  consisting  of  a  bar  with  a  weight  at  one  end  and  a  notched 
jaw  at  the  other,  working  on  to  a  lever  opening  the  ^  valve. 
Above  the  bar  is  a  disc  rotating  at  the  same  speed  as  Uie  engine.  Each 
time  the  disc  completes  a  circuit,  a  pin  upon  it  is  brought  round  to 
the  jaw,  pushes  down  the  bar,  and  opens  the  gas  valve.  But  if  the 
disc  rotates  at  too  great  a  speed,  the  pin  upon  it  slips  past  the  jaw, 
and  no  gas  is  admitted.  In  the  larger  engines,  especisJly  those  at  high 
speed  for  electric  lighting,  the  centrifugal  governor  is  driven  from 
the  crank  shaft,  and  acts  by  throttling  the  siipplj  of  gas,  before  it 
'^hoUj  cuts  it  off.  Thus  the  quality  of  the  charge  is  first  affected, 
and  ignitions  are  only  missed  if  the  normal  speed  is  greatly 
exceeded.  The  engine  is  started  by  a  pump  which  injects  gas  and 
air,  while  a  catch  holds  the  ignition  valve  closed.  As  soon  as 
the  mixture  is  sufficiently  compressed  by  the  pump,  the  timing 
valve  is  released  while  the  engine  is  still  at  rest,  the  mixture 
enters  the  ignition  tube,  an  explosion  follows,  and  the  engine 
begins  to  work. 

The  Premier  is  made  single-cylinder  in  sizes  from  ^  to  40  H.  P. 
with  one,  and  from  20  to  350  B.H.P.  with  two  flywheels,  and 
tandem  with  two  motor  cylinders  from  50  to  600  B.H.P.  (see  Fig. 
57).  All  sizes  are  horizontal,  the  vertical  type  having  now  been 
discarded.  All  large  engines  are  fitted  with  an  arrangement  for 
introducing  a  scavenger  charge  of  pure  air,  to  cleanse  the  cylinder 
of  the  burnt  products.  The  motor  plunger  and  air  pump  piston 
are  bolted  together,  and  form  one  piece  of  two  different  diameters. 
The  smaller  motor  piston  fits  into  the  cylinder  as  usual,  the  larger, 
nearest  the  crank,  works  to  and  fro  in  an  enlarged  prolongation  of 
the  cylinder,  forming  a  single-acting  air  pump.  Into  this  a  charse 
of  pure  air  is  drawn  during  the  out  stroke,  and  compressed  by  the 
next  back  stroke  into  a  passage,  from  whence  it  enters  the  com- 
bustion chamber  of  the  motor  cylinder  at  the  beginning  of  the 
exhaust  stroke,  and  drives  out  the  products  of  combustion.  The 
exhaust  valve  is  kept  open  until  after  the  crank  has  passed  the 
dead  point,  and  as  the  volume  of  air  drawn  in  is  much  in  excess  of 
the  cubic  capacity  of  the  combustion  chamber,  the  cylinder  is 
thoroughly  cleansed  and  cooled  by  the  current  of  air.  A  richer 
charge  can  thus  be  used,  and  the  mean  pressure  is  higher. 
Although  the  air  pump  with  its  piston,  &c.,  absorbs  a  little  power, 
this  arrangement  is  said  to  be  effective,  with  two  cylinders  placed 
tandem.  The  front  piston  alone  is  differential,  and  draws  in  a 
supply  of  air,  which  is  ifent  successively  into  the  combustion 
chamber  of  either  cylinder.  The  explosions  take  place  alter- 
nately, first  in  one,  then  in  the  other,  and  are  immediately 
followed  by  the  scavenger  charge  of  air,  compressed  to  about  two 
atmospheres. 

A  large  and  important  Premier  gas  engine  plant  was  erected  in 
1896  at  the  Electrical  Central  Station  of  the  Ley  ton  District 
Council,  and  was  tested  by  Professor  Robinson  in  1897.     The  gas 
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for  driTiDg  the  exigines  was  supplied  bj  three  Dowson  generators, 
from  a  gasholder  20  feet  in  diameter  and  10  feet  hifh.  The  plant 
consists  of  four  Premier  engines,  each  driying  a  djnamo.  The 
heating  value  of  the  Dowson  ^as  was  156  B.T.U.  per  cubic  foot^ 
and  the  consumption  of  anthracite  (not  including  the  coke 
for  the  boiler)  0-84  lb.  per  I.H.P.  hour.  During  the  trial  each 
engine  indicated  59*5  H.P.y  and  gave  with  a  djnamo  43*7  elec- 
trical H.P.,  making  the  electrical  efficiency  73  per  cent.  Premier 
gas  engines  have  also  been  the  first  large  power  motors  applied 
m  England  to  work  with  blast  furnace  gases  in  iron  works  (see 
Chapter  zii.). 

National. — The  National  horizontal  single-cylinder  engine, 
made  at  Ashton-under-Lyne,  is  another  four-<sycle  motor  of  an 
improved  Otto  type,  with  hot-tube  ignition  and  lift  valves  worked 
from  a  side  shaft.  The  special  feature  claimed  for  it  is  the 
strength  of  the  crank  shaft,  which  carries  two  flywheels,  and 
thus  ensures  greater  steadiness  in  running,  when  driving  a  dynamo. 
The  centrifugal  governor  is  placed  on  the  side  shaft.  The  por- 
celain ignition  tube  is  isolated  from  the  metal  holder  in  which  it 
is  fixed,  an  arrangement  said  to  make  it  last  longer.  All  except 
the  smallest  sized  motors  have  timing  valves.  The  engine  appears 
to  be  strong  and  well  constructed,  and  a  large  number  have  been 
sold ;  it  is  made  in  sizes  from  2^  to  100  I.H.P.,  and  runs  at  from 
320  to  160  revolutions,  with  a  maximum  piston  speed  of  750  feet 
per  minute.  The  makers  endorse  the  usual  experience  of  British 
gas  engine  constructors,  that  the  demand  for  large  power  motors 
is  steadily  increasing.  A  test  made  by  Professor  Robinson  on  a  25 
B.H.P.  engine,  showed  a  consumption  of  16  cubic  feet  per  B.H.P. 
hour  of  gas,  having  a  heating  value  of  630  RT.U.  per  cubic  foot. 
In  another  trial  of  a  54  B.H.P.  engine,  the  consumption  of  gas  of 
the  same  quality  was  15  cubic  feet  per  B.n.P.  hour.  A  small 
engine  was  exhibited  at  Brussels  in  1897. 

Bobey. — This  horizontal  four-cycle  engine  is  made  by  Messrs. 
Bobey  &  Co.,  of  Lincoln  (Richardson  and  Norris  patents),  for 
driving  dynamos  for  electric  lighting,  and  other  purposes.  Ooming 
from  so  well-known  a  firm,  this  motor  seems  to  be  well  designed 
and  constructed,  and  is  already  popular.  It  has  heavy  flywheels, 
and  the  ball  governor,  as  usual  with  this  class  of  motor,  is  extremely 
sensitive ;  it  acts  on  the  gas  valve  in  the  smaller  engines  by  means 
of  a  lever  and  small  roller.  In  the  larger,  the  governor  carries 
a  tripper  blade,  which  engages  with  the  end  of  the  gas  valve, 
and  cuts  off  the  supply  if  the  speed  is  increased.  Ignition  is  by 
a  tube  heated  by  a  Bunsen  burner ;  a  double-headed  valve,  with 
two  seats,  is  used  to  fire  the  charge,  and  great  accuracy  of  ignition 
is  obtained.  There  are  no  timing  valves  to  these  engines,  but  by 
a  special  arrangement  the  moment  of  ignition  can  be  adjusted  to 
suit  the  speed.  The  number  of  revolutions  can  also  be  readily 
altered,  and  the  engine  made  to  run,  if  required,  at  a  low  speed 
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during  the  daj  aad  a  higher  speed  at  night.  A  |>atent  "safety 
oombination  "  is  provided  to  prevent  starting  backwards,  and  by 
altering  the  eccentric  lever  the  motion  can  be  reversed,  and  the 
engine  nin  in  either  direction  in  a  few  minutes.  Engines  above 
9  H.P.  are  fitted  with  balanced  cranks,  and  a  self-starter  is  supplied 
for  all  except  the  smallest  powers.  The  Bobey  engine  is  made 
horizontal,  single  cylinder,  single^usting,  in  sises  from  H  to  120 
B.H.P.,  and  runs  at  350  to  140  revolutions  per  minute]^  accord- 
ing to  size.  For  electric  lighting  the  number  of  revolutions  is 
increased,  the  piston  speed  varying  from  300  feet  in  the  smaller  to 
700  feet  per  minute  in  the  larger  sizes. 

Small  Motors. — Of  the  numerous  gas  engines  brought  out 
within  the  last  few  years  in  England  and  abrcMul,  many  are  made 
almost  exclusively  for  small  powers.  These  little  engines  do  not 
vary  much  in  miiJce,  all  being  of  the  Otto  four-cycle  type  ;  their 
main  recommendation  is  not  so  much  economy  of  gas  as  light- 
ness, simplicity,  and  the  ease  with  which  they  are  started  and 
worked.  In  many  industrial  operations  the  use  of  small  gas  motors 
often  makes  the  difference  between  a  profit  or  a  loss  to  the 
employer,  particularly  with  the  difficulties  of  modem  labour. 

Gardner. — According  to  the  makers  of  this  engine,  whose 
works  are  at  Ck>lne,  in  Lancashire,  over  1000  have  been  sold  in 
^ye  years.  It  is  made  four-cycle,  single  cylinder,  single-acting,  both 
horizontal  and  vertical,  in  sizes  from  ^  to  20  B.H.P.  Hot-tube 
ignition,  without  a  timing  valve,  is  used  for  the  smaller  sizes ; 
in  the  larger,  electrical  ignition  has  been  successfully  employed. 
The  engines  run  at  450  to  190  revolutions,  and  have  a  piston 
speed  of  300  feet  per  minute  in  the  smallest  to  500  feet  in  the 
larger  sizes.  At  Messrs.  Norris  dt  Henty's,  London,  they  can  be 
seen  at  work. 

Campbell. — The  engine  of  this  name,  manufactured  by  the 
Oampbell  Gas  Engine  (>>.,  Halifax,  is  another  four-cycle  motor  of 
the  Otto  type,  with  hot-tube  ignition,  a  timing  valve,  and  ball 
governor.  The  cylinder,  as  in  many  other  modern  English  gas 
engines,  is  fitted  with  a  loose  lining,  which  can  be  easily  renewed. 
The  engine  is  started  by  forcing  a  mixture  of  gas  and  air  by 
hand  into  the  cylinder,  and  the  <'  Edmondson "  starter  is  also 
sometimes  used.  It  is  made  horizontal  only,  single  cylinder,  in 
sizes  from  1  to  65  B.H.P.,  and  runs  at  250  to  160  revolutions  per 
minute. 

Boots. — In  this  engine,  invented  by  Mr.  Roots,  the  pressure  of 
the  exhaust  gases  is  utilised  to  give  a  second  working  stroke.  In 
other  words,  the  engine  is  partly  double-acting,  having  a  motor 
impulse  on  either  side  of  the  piston,  but  combustion  takes  place 
on  one  side  only.  The  usual  operations  are  gone  through  on 
one  side  of  the  piston,  and  the  exhaust  gases  then  pass  through 
ports  to  a  space  on  the  other  side  containing  compressed  air, 
and  act  on  the  piston  to  drive  it  back.     Thus  the  complete 
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cycle  is  again  gone  through,  with  the  exception  of  explosion,  tfa 
charge  already  admitted  and  compressed  being  expanded  and  dL 
charged  as  before. 

The  Duplex,  also  called  the  Griffin,  and  made  by  Messr 
Griffin,  of  Bath,  is  a  small  vertical  four-cycle  single-acting  engin< 
of  rather  novel  design.  It  has  two  cylinders  and  two  pistoi 
working  downwards  on  to  the  crank  shaft  through  one  crosshea 
and  connecting-rod.  The  two  parallel  pistons  are  connected  i 
their  lower  ends  to  a  box  crosshead,  to  which  the  connecting-rod 
attached.  Ignition  is  by  incandescent  tube,  and  the  governor  aci 
on  the  **  hit-and-miss  "  principle  on  the  single  gas  valve  supply ii 
both  cylinders.  The  admission  and  exhaust  valves  at  the  top  ope 
directly  into  each  cylinder,  and  are  driven  by  a  single  cam  from  tl 
valve  shaft  in  the  usual  way.  All  the  parts,  cylinders,  and  covei 
are  enclosed  in  one  water  jacket,  the  passages  and  chambers  ai 
kept  cool,  and  a  good  thermal  efficiency  is  said  to  be  obtained 
Ignition  takes  place  alternately  in  either  cylinder,  with  an  impul: 
at  every  revolution.  In  an  engine  lately  made  for  driving 
dynamo  the  diameter  of  each  cylinder  is  lOi  inches  by  15  inch( 
stroke,  mechanical  efficiency  06  per  cent.  When  run  at  1^ 
revolutions  per  minute  the  engine  developed  46  LH.P.,  with  a  g] 
consumption  of  18}  cubic  feet  per  I.H.P.  hour,  and  40  B.H.P.  wit 
21^  cubic  feet  of  gas  per  B.H.P.  hour.  If  driven  at  200  revolutioi 
per  minute  the  engine  will  give  80  I.H.P.  Drawings  and  a  descri 
tion  will  be  found  in  Engineering,  May  20,  1898. 

Clarke,  Chapman  ic  Co.  (Butler's  patent). — An  engine  h 
been  brought  out  by  this  firm  which,  although  not  entirely  nc 
since  several  foreign  makers  have  utilised  the  idea  with  slig] 
variations,  does  not  seem  to  have  been  previously  introduced  in 
England.  The  usual  ignition,  admission,  and  exhaust  valves  ha' 
been  replaced  by  a  single  circular,  rotatory  valve,  worked  by  1 
auxiliary  shaft  geared  to  the  crank  shaft  by  worm  wheels  4  to 
thus  rotating  once  every  four  revolutions  or  eight  strokes.  Th 
slow  motion  is  intended  to  prevent  wear  and  tear,  the  varioi 
functions  being  carried  out  alternately  on  opposite  sides  of  the  pist^ 
valve.  The  revolving  valve  has  two  ports  for  the  supply  of  gas  ai 
air,  and  two  for  exhaust,  corresponding  with  the  two  passages  1 
the  cylinder,  shown  in  the  drawing  in  the  oil  engine  section, 
351,  Fig.  124.  The  arrangement  there  is  similar  to  that  of  the  g 
engine,  with  the  addition  of  a  vaporiser.  If  hot-tube  ignition 
used,  the  circular  valve  also  carries  two  ports  for  opening  coi 
munication  between  the  tube  and  the  cylinder  at  the  prop 
moment. 

The  gas  and  air  are  first  admitted,  the  air  through  a  nozzle,  ai 
the  gas  through  a  small  screw  regulating  valve  to  an  annular  spa 
round  it,  and  thence  to  a  mixing  chamber  beyond.     This  device 
called  the  inspirator.      The  charge  then  passes  to  a  throttle  val' 
controlled  by  the  governor,  as  in  a  steam  engine.      It  is  admitt< 
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through  the  ports  in  the  circular  valve  to  the  cylinder,  and  com- 
pressed, ignited,  expanded,  and  discharged  in  the  usual  waj.  The 
makers  prefer  to  ignite  the  charge  electrically,  and  supply  a  coil  and 
battery;  a  timing  commutator  is  then  fixed  on  the  valve  shalt. 
This  method  of  ignition  is  said  to  facilitate  starting,  but  if  tube 
ignition  be  required,  the  hot  tube  is  fixed  immediately  over  the 
valve  casing.  There  is  no  timing  valve,  explosion  at  the  right 
moment  being  effected  through  the  circular  valve.  The  engine  is 
regulated  by  a  weight  governor  on  the  flywheel      If  the  normal 


Fig.  58.— Clarke-Chapman  Gas  Engine— Single  Cylinder.     1894-1899. 

speed  is  exceeded  the  weights  fly  out,  and  act  through  a  shaft  upon 
the  throttle  valve  in  the  admission  pipe,  diminishing  the  quantitv 
entering  the  cylinder  more  or  less  according  to  the  excess  of  speed. 
The  quality  of  the  charge  is  never  varied,  and  as  the  governor  does 
not  interfere  with  the  working  of  the  circular  valve,  there  is  an 
explosion  at  every  cycle,  whatever  the  load.  The  pressure  of 
admission  is  regulated  by  the  governor  according  to  the  work,  the 
speed  being  kept  practically  the  same.  The  engine  is  started  by  a 
small  hand  pump,  which  forces  a  properly  proportioned  mixture  of 
^as  and  air  into  a  chamber,  from  whence  it  passes  through  a  valve 
into  the  cylinder,  and  is  ignited  either  by  the  burner  or,  preferably, 
by  electricity.  The  engine  is  made  horizontal  in  sizes  from  2  to 
40  B.H.P. ;  no  tests  appear  to  have  been  yet  published.  An 
external  view  is  shown  at  Fig.  58. 

Dawson. — The  novelty  of  this  four-cycle  engine,  made  by  the 
Paris  Singer  Co.,  is  the  high  speed  attained.  It  is  constructed 
single  cylinder,  vertical,  in  sizes  from  ^  to  35  B.U.P.,  and  runs  at 
from  900  to  560  revolutions  per  minute,  but  no  trials  appear  yet  to 
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have  been  made  upon  this  little  motor.  For  powers  from  20  H.P. 
upwards,  two  vertical  cylinders  side  by  side  are  used.  The 
advantages  claimed  for  these  quick-revolution  engines  are,  that 
there  is  less  internal  friction,  owing  to  the  smaller  cylinder  sur&ce 
and  smaller  dimensions  required. 

The  engine  is  vertical,  as  shown  in  Fig.  59,  the  cylinder  above, 
the  crank  below,  and  both  are  enclosed.  Ignition  is  by  a  tube 
inside  a  furnace,  and  is  brought  to  an  intense  heat  by  means  of 
a  small  air  blast.  Perfect  ignition  even  of  a  weak  charge  is  said 
to  be  thus  obtained,  with  the  great  rapidity  required  in  these 
high-speed  engines,  1000  ignitions  per  minute  being  sometimes 
procured.  For  sizes  below  12  H.P.  there  is  no  timing  valve  j 
above]this  size  ignition  is  controlled  by  the  piston.  The  engine 
has  only  one  valve  for  gas,  aod  no  levers  or  cams.  The  functions 
of  ignition,  exhaust,  and  admitting  the  charge  to  the  cylinder 
are  effected  by  the  rotatory  motion  of  the  piston  around  its  own 
axis,  in  addition  to  its  reciprocating  motion  to  and  fro.       This 

novel  arrange- 
ment is  carried 
out  by  two  worm 
wheels,  one  on 
the  crank,  the 
other  on  the  crank 
shaft,  causing  the 
hollow  piston, 
which  has  ports 
in  its  sides,  to 
uncover  succes- 
sively correspond- 
ing: openings  in 
the  cylinder  walls. 
Thus  the  admis- 
sion, firing,  and 
exhaust  of  the 
burnt  products 
are  all  obtained 
by  the  motion  of 
the  piston.  The 
As  the  engine  is 


Fig.  69. — Dawson  Gas  Engine — Single  Cylinder.    1894. 


speed  is  regulated  by  a  pendulum  governor, 
at  present  made  only  for  relatively  small  powers,  no  self-starter  is 
required,  and  it  is  easily  put  in  motion  by  a  handle  on  the  crank 
shafb.  The  greatest  piston  speed  attained  in  the  single-cylinder 
type  is  850  feet  per  minute.  With  these  quick  revolution  engines 
all  the  wearing  parts  should  be  large  and  well  lubricated. 

Messrs.  Grice  &  Sons,  Birmingham,  have  brought  out  the 
**  Birmingham  **  gas  engine  (Grice  and  Rollason's  patents),  a  four- 
cycle, single  cylinder,  horizontal  motor,  specially  intended  to 
supply  power  for  small  industrial  purposes,  for  which  it  is  much 
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in  demand,  such  as  printing,  metal  working,  Ac.  The  engine 
shown  at  Fig.  60  is  verj  simple,  with  few  parts ;  lift  valTes  are 
used,  with  hot-tube  ignition,  and  a  rotary  governor.  It  is  made 
in  sizes  from  1  to  90  B.H.P.,  and  runs  at  250  to  150  reTolutions 
per  minnte. 


to 


The  Dndbridge,  by  Messrs.  Huinpidge  &  Holborow,  Stroud,  is 
a  single-cylinder  motor  of  the  four-cycle  Otto  type,  presenting  no 
novel  features.  The  air  and  exhaust  valves  open  directly  into  the 
cylinder  without  connecting  ports,  an  arrangement  said  to  reduce 
the  amount  of  cooling  surface  affecting  the  incoming  charge,  and 
hence  to  give  a  better  combustion.      The  hot-tube    ignition   has 
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no  timing  valve  for  sizes  below  20  H.P. ;  smaller  sizes  are  fitt 
with  a  self-starter,  while  for  larger  engines  the  Lanchester  star 
is  used.  The  ball  governor  acts  on  the  "  hit-and-miss  "  princip 
The  engine  is  made  horizontal,  in  sizes  from  ^  to  100  H.P. ,  a 
there  is  a  small  vertical  type  of  half  horse-power.  For  drivi 
dynamos  the  speed  is  greater. 

The  Globe,  made  by  Messrs.  Pollock,  White  dc  Waddel, 
Johnstone,  near  Glasgow,  is  an  engine  of  the  ordinary  Otto  tj] 
with  hot-tube  ignition  and  mushroom  valves,  worked  by  cams  fr< 
a  side  shaft  driven  in  the  usual  way.  The  inertia  governor  tu 
on  the  gas-admission  Talve,  and  wholly  cuts  off  the  supply  if  t 
normal  speed  is  exceeded.  The  engine  is  made  horizontal  on] 
single  cylinder,  single-acting,  in  sizes  from  I  to  50  B.H.P.,  and  t 
piston  speed  is  about  500  feet  per  minute.  It  was  exhibited 
Brussels  in  1897. 

IiEWton. — The  engine  made  by  Messrs.  Lawton,  of  Openaha 
Manchester,  is  simple  in  design,  and  has  no  ignition  or  timing  vali 
or  starting  gear.  Like  most  small  power  engines,  it  can  be  start 
by  hand.  The  inertia  governor  acts  directly  upon  the  gas  val^ 
The  engine  is  made  vertical  from  3  to  6  B.H.P.,  horizontal  fro 
2  to  20  B.H.P.,  with  two  flywheels,  and  the  makers  claim  i 
exceptionally  low  gas  consumption. 

'The  Ideal,  by  Messrs.  Hardy  <fe  Padmore,  of  Worcest 
(Southall's  patents),  seems  to  be  a  well-designed  engine  of  tl 
usual  type,  the  admission  and  exhaust  valves  being  at  the  back 
the  engine,  and  worked  hj  cams  on  the  side  shaft,  geared  2  ' 
1  to  the  crank  shaft.  The  governor  acts  by  cutting  out  tl 
admission  of  the  charge,  and  holding  the  exhaust  open  unt 
the  speed  is  reduced.  Ignition  is  by  hot  tube,  and  a  timii 
valve  in  the  smallest  sizes  is  dispensed  with.  The  engine 
made  in  sizes  from  1  to  5  H.P.,  and  runs  at  450  to  300  revolutioi 
per  minute. 

Two  small  engines  of  the  same  class  are  the  Drake,  and  tl 
Iiongaden,  made  by  Messrs.  Longsden,  of  Poole,  Dorset  Tl 
latter  has  a  sensitive  governor,  and  the  cylinder  is  fitted  wit 
a  loose  removable  liner.  It  is  made  horizontal,  in  sizes  from  j^l 
10H.P.,  and  runs  at  350  to  180  revolutions  per  minute.  Tl 
Drake  is  of  the  same  size,  but  works  at  a  somewhat  higher  spee^ 
A  similar  engine  for  very  small  powers  up  to  4  H.P.  is  constructe 
by  the  Nelstrop  Gas  Engine  Go.,  of  Manchester.  Messr 
Cnndall,  of  Shipley,  also  make  the  ordinary  four-cycle  Otto  engim 
in  sizes  from  1^  to  84  B.H.P.,  and  running  at  240  to  160  revoh 
tions  per  minute.  The  Pinkney  (Pinkney  &  Co.,  Smethwid 
Birmingham)  and  the  Snithfleld  (Green  ii  Sons,  Blackfriar 
London)  are  two  small  gas  engines  of  the  usual  type,  made  froi 
J  to  9  H.P. 

The  Edmondson  is  a  new  starter  designed  for  gas  engines  ( 
larger  power  than  can  be  conveniently  started   by  hand.      Tl 
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principle  on  which  it  is  based  is  not  merely,  as  usual,  to  compress 
a  separate  charge  of  gas  and  air  by  a  band  pump  into  a  small 
receiver,  whence  it  passes  to  the  engine,  but  also  to  have  what 
is  called  a  pilot  flame.  The  weak  and  slightly  compressed  charge, 
which  would  fail  to  explode  in  contact  with  the  ordinary  ignition 
tube,  is  ignited  by  this  auxiliary  flame  at  the  first  revolution  of 
the  crank,  by  means  of  a  separate  cam  on  the  valve  shaft.  A  few 
charges  are  then  pumped  in,  and  the  subsidiary  ignition  continues 
to  fire  them,  to  shoot  a  flame  into  the  cylinder,  and  give  an 
impulse  for  several  revolutions,  until  the  engine  is  at  work.  The 
inventor  claims  that  his  starter  produces  the  same  result  as  an 
auxiliary  engine,  but  with  much  less  trouble,  and  less  space 
required. 


CHAPTER     VIII. 
MODERN  FRENCH  GAS  ENGINES. 

Contents. — Simplex — Electric  Ignition— Applications — Trials — Second  Lenoir 
— Charon — Tenting — Niel — Trials — Smaller  French  Engines — Roffer — 
Brouhot — ^B^nier — Compagnie  Parisienne — Duplex — Champion— Regent 
— Gnome — KoSl — LetomocH— Belgian  Engines. 

Siinplex. — Among  the  various  engines  which  have  appeared  to 
compete  with  the  Otto,  one  of  the  best  is  the  Simplex,  brought 
out  by  MM.  Delamare-Deboutteville  and  Malandin  in  1884.  The 
Deutz  firm  contended  that  their  patent  had  been  infringed,  but 
the  law  suit  which  ensued  was  decided  in  favour  of  the  Simplex. 
Although  the  Beau  de  Bochas  cycle  is  used,  the  engine  differs  in 
the  ignition  and  regulation  of  the  speed,  and  the  cycle  is  slightly 
modified.  Ignition  takes  place  when  the  piston  has  moved  out 
a  little,  and  not  at  the  dead  centre.  The  engine  is  horizontal, 
single-acting,  single  cylinder  only  in  all  sizes.  In  the  Simplex 
cycTe  the  usual  sequence  of  operations  is  adhered  to,  giving  one 
explosion  for  every  two  strokes  forward  and  two  strokes  return, 
or  every  two  revolutions,  and  one  motor  impulse  in  four.  The 
compression  space  was  from  the  first  rather  smaller,  and  the  gases 
more  highly  compressed  than  in  the  Otto,  and  these  high  initial 
pressures  and  temperatures  are  a  source  of  economy,  because  a 
poorer  mixture  can  be  used,  and  less  gas  is  required.  The  charge 
is  ignited  electrically  by  a  somewhat  novel  method.  The  piston, 
being  allowed  to  move  out  a  little  before  the  explosion  takes  place, 
works  more  easily  and  quietly,  and  there  is  less  shock  to  the 
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bearings.  Not  011I7  the  pressure  of  the  gases,  bat  the  pureneas  o 
the  mixture  is  increased,  and  the  products  of  combustion  moi^ 
completelj  expelled,  because  of  the  smaller  space  into  which  th< 
charge  is  driven. 

The  system  of  electric  ignition  adopted  by  M.  Delamare 
Deboutteville  obviates  most  of  the  attendant  drawbacks,  except 
that  a  battery  and  coil  are  required  to  generate  the  sparks.  Tfa< 
working  expense  of  igniting  by  electricity  is  said  to  be  about  on«^ 
fourth  less  than  by  hot  tube.  Of  all  the  many  devices  hithertc 
resorted  to  for  firing  the  explosive  mi^cture,  none  of  them  can  be 
called  perfect.  The  plan  originally  adopted  by  Otto,  of  carrying 
a  lighted  flame  to  and  fro  in  the  slide  valve,  was  open  to  many 
objections,  and  the  great  heat  to  which  the  slide  valve  was  exposed 
soon  deteriorated  the  quality  of  the  iron,  and  made  the  joints 
shrink.  Ignition  by  a  hot  tube  has  not  these  disadvantages,  but 
in  France  firing  by  electricity  has  been  generally  adopted.  As 
employed  by  Lenoir  and  his  successors,  the  system  was  defective, 
and  there  were  frequent  miss  fires  and  premature  ignitions,  while 
sometimes  no  sparks  were  produced.  In  the  Simplex  the  ingenious 
method  has  been  adopted  of  introducing  the  two  ends  of  the  wires 
into  an  isolated  chamber  in  the  slide  cover,  and  allowing  a  con- 
tinuous stream  of  sparks  to  play  between  them.  A  slide  valve 
moves  to  and  fro  between  the  slide  cover  and  the  cylinder,  at  half 
the  speed  of  the  crank  shaft.  At  a  given  moment,  a  zig-zag  passage 
in  the  slide  valve  is  brought  opposite  the  ignition  chamber,  and 
opens  communication  between  it  and  the  admission  port  into  the 
cylinder.  Part  of  the  charge,  already  highly  compressed  by  the 
back  stroke  of  the  piston,  rushes  through  the  passage,  is  fired,  and 
ignites  the  mixture  in  the  cylinder.  The  moment  of  ignition, 
therefore,  is  regulated,  not  by  the  generation  of  the  electric  sparks, 
but  by  the  movement  of  the  slide  and  the  edges  of  the  port,  and 
premature  ignition  cannot  take  place.  This  method  of  ignition 
requires  a  very  pure  explosive  mixture.  At  the  moment^  there- 
fore, when  the  compressed  gases,  driving  before  them  the  residuum 
of  burnt  products,  pass  from  the  cylinder  into  the  slide  valve,  and 
just  before  the  edges  of  the  passage  are  brought  opposite  the  firing 
chamber,  a  small  hole  opens  communication  with  the  outer  air. 
The  fresh  mixture  is  at  so  high  a  pressure  that  all  the  burnt  gases 
are  instantly  discharged  through  this  opening,  and  the  new  charge 
ready  to  be  exploded.  This  system  of  ignition  has  been  found 
economical  and  convenient,  and  the  slide  valve  and  firing  chamber 
are  kept  comparatively  cooL 

Fig.  61  gives  a  side  elevation.  Fig.  62  a  back  view,  and  Fig.  63 
a  sectional  plan  of  the  Simplex  engine.  It  has  a  single  horizontal 
cylinder  open  at  one  end,  working  direct  through  a  connecting-rod 
on  to  the  crank,  and  a  counter  shaft  driving  the  admission,  distri- 
bution, ignition,  and  exhaust  by  worm  gearing  from  the  crank 
shaft.     A  is  the  motor  cylinder,  P  the  piston,  C  the  oonnectiog- 
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rod,  and  K  the  craxik  shaft.     E  and  F  are  the  wheels  actuating  the 
side  shaft  K,  which  makes  one  revolution  for  every  two  of  the 
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crank  shaft.  B  is  the  base  plate,  M  the  mixing  chamber  for  the  ga 
and  air  at  the  back  of  the  cylinder,  S  the  horizontal  slide  valv 
driyen  by  the  side  shaft  R ;  Y  and  V '  are  the  flywheels,  and  U  an< 
U'  the  pulleys.  The  cylinder  is  cooled  by  a  water  jacket;  th 
water  enters  at  t,  and  is  discharged  at  t\  Fig.  61.  e  is  the  exhaus 
opening  at  the  bottom  of  the  cylinder,  communicating  with  i 
through  the  valre  S'.  The  air  enters  at  H,  the  gas  at  ^,  througl 
a  pipe  at  right  angles  to  it.  Both  pass  into  the  distributing 
chamber  M,  and  from  thence  through  slide  valve  S  into  tb< 
small  chamber  B'  in  the  rear  of  the  cylinder,  where  they  an 
compressed  by  the  back  stroke  of  the  piston.      In  an  engine  ol 


Fig.  62. — Simplex  Engine. 

6*7  B.H.P.  tested  with  town  gas  by  Professor  Witz,  the  volume 
of  the  compression  space  was  32*4  per  cent,  of  the  total  cylinder 
volume ;  with  power  gas  it  is  only  25*6  per  cent. 

The  side  shaft  terminates  in  a  small  crank.  A;,  working  the  slide 
valve,  and  moving  it  once  to  and  fro  for  every  two  revolutions  of 
the  crank  shaft  The  discharge  pipe  for  the  exhaust  gases  is  seen 
at  Fig.  61.  The  exhaust  pipe  e  is  closed  by  the  valve  S^,  held  upon 
its  seat  by  the  spring  j.  At  a  given  moment,  a  little  before  the 
end  of  the  stroke,  to  avoid  back  pressure  on  the  piston,  a  cam  upon 
the  side  shaft  K  presses  down  one  end  of  the  lever  L,  the  other  end 
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rises,  releases  the  valve  S^  from  the  spring y,  and  pushes  it  up,  and 
the  exhaust  gases  pass  out  through  e. 


116 


OA8    EK6INE8. 


Fig.  64  shows  a  sectional  plan  of  the  organs  of  admission,  diati 

bution,  ignitio 
and  the  air  gove 
nor,  all  at  the  bac 
of  the  cjlinde 
S  is  the  slic 
valve,  k  the  sma 
crank  on  tl 
counter  shal 
working  it,  an 
M  the  distrib^ 
tion  chain  be 
with  three  opei 
ings,  for  the  a 
at  H,  the  gas  a( 
mission  at  g,  tl 
valve  of  which 
controlled  by  tl 
air  governor  G 
the  third  is  tl 
cylinder  admi 
sion  port,  i 
shown  by  tl 
arrows.  At  I 
the  ignitio 
chamber,  inl 
which  the  ends  ( 
two  electric  win 
surrounded  b 
porcelain  insul 
tors  are  intr 
duced,  and  a  coi 
tinuous  stream  < 
sparks  plays  b 
tween  them.  Tl 
slide  valve  hi 
two  openings, 
rectangular  pa 
sage  e,  in  lii 
with  the  cylindi 
port  and  disti 
bution  chambe 
and  an  obliqt 
opening,/,  whicl 
as  the  slide  mov( 
to  the  right,  brini 
the  lighting  chan 
ber  1  into  communicntioii  with  the  cylinder  through  the  same  per 
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To  regulate  the  speed  in  small  motors  M.  Delamare  uses  an 
extremely  sensitiye  air-barrel  governor.  If  the  speed  be  too  great, 
the  governor  wholly  cuts  off  the  supply  of  gas,  and  admits  air  only 
for  one  or  more  revolutions.  It  also  regulates  the  supply  when  the 
engine  is  running  light  The  slide  valve  S,  Fig.  64,  carries  a  small 
horizontal  cylinder,  c,  cast  with  it  in  one  piece.  The  piston  and  rod 
of  this  cylinder  are  fixed  to  the  slide  cover,  and  the  cylinder  slides  to 
and  fro  over  them  with  the  movement  of  the  slide  valve.  At  the 
opposite  end  of  the  cylinder  c  is  a  small  opening,  k\  throagh  which 
air  is  admitted  and  driven  out  by  the  piston  at  each  forward  move- 
ment of  the  slide,  the  quantity  being  regulated  by  a  micrometer 
screw.  At  right  angles  to  the  cylinder  c  and  the  slide  valve  is  a 
second  smaller  cylinder,  n,  the  piston-rod  of  which  ends  in  a  knife 
edge,  o,  fitting  into  the  rod  opening  the  gas  valve.  If  the  speed 
be  normal,  a  cylinder-full  of  air  is  taken  into  and  expelled  from 
cylinder  c  at  each  to  and  fro  movement  of  the  slide  valve,  the  piston 
of  cylinder  n  does  not  move,  and  the  knife  edge  o  pushes  the  gas 
valve  open.  But  if  the  speed  be  too  greats  more  air  is  admitted 
into  cylinder  c  than  can  be  driven  out  during  one  revolution,  the 
pressure  acting  upon  the  piston  in  n  drives  it  down,  and  the  knife 
o  misaes  the  edge  of  the  gas  valve-rod.  No  gas  can  thus  enter 
until  the  speed  of  the  engine  and,  consequently,  the  pressure  in  the 
upper  cylinder,  are  reduced. 

For  larger  engines  an  ordinary  pendulum  governor  is  used,  con- 
structed on  the  principle  of  two  pendulum  weights,  a  lighter  and  a 
heavier,  swinging  on  a  fixed  pivot  at  either  end  of  a  rod.  The  ' 
relative  positions  of  these  weights  can  be  adjusted  by  a  screw  (see 
Fig.  62).  The  time  occupied  by  the  fall  of  the  pendulum  is  always 
the  same ;  the  variation  in  the  speed  is  obtained  by  a  weighted 
knife  blade  acting  upon  the  gas  valve.  The  lower  heavier  weight 
carries  a  notch  which  at  normal  speed  engages  with  the  knife  blade, 
and  the  gas  valve  is  opened.  If  the  speed  of  tl^e  engine  be  too 
great,  the  knife  blade  is  carried  forward  too  soon,  misses  the  notch, 
the  weighted  end  drops  below  the  gas  valve,  and  no  gas  is  admitted. 
The  engine  is  more  easily  started  than  most  gas  motors.  As  the 
electric  ignition  is  sufficiently  powerful  to  fire  the  gases  at  any 
pressure,  preliminary  compression,  always  a  difficult  matter,  is  not 
necessary  to  any  great  extent. 

A  simple  method  of  starting,  by  introducing  the  explosive  mix- 
ture during  the  third  or  compression,  instead  of  the  admission 
stroke,  was  patented  by  M.  Delamare.  If  the  charge  be  admitted 
as  usual  during  the  first  forward  stroke  two  strokes,  forward  and 
return,  elapse  before  it  is  fired.  In  the  Simplex,  therefore,  the 
piston  is  stopped  at  the  end  of  compression,  and  the  compressed 
gases  allowed  to  escape.  The  flywheel  is  then  turned  by  hand, 
until  the  piston  has  moved  through  three-quarters  of  the  stroke, 
and  gas  and  air  are  admitted  through  a  three-way  cock  to  the 
cylinder.      The  movement  of  the  flywheel  is  next  reversed,  the 
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returning  piston  slightly  compreBses  the  charge,  the  electric  cur 
rent  is  switched  on,  an  explosion  follows,  and  the  engine  is  ijdrh 
started.  For  larger  engines  the  piston  is  stopped  in  the  middle  o 
the  ignition  stroke,  and  gas  and  air  enter  through  the  three-wa] 
cock,  while  a  cam  on  the  counter  shaft  keeps  the  exhaust  open,  an< 
diminishes  the  pressure,  until  the  engine  is  at  work.  The  principL 
in  both  methods  of  starting  is  the  same— namely,  to  introduce  gai 
into  the  cylinder  by  other  than  the  regular  means,  and  at  ai 
unusual  period  in  the  cycle. 

The  single  cylinder  100  H.P.  Simplex  engine  attracted  mncl 
attention  at  the  Paris  Exhibition  of  1889.  The  diameter  of  tb< 
cylinder  was  23  inches,  length  of  stroke  3  feet  2  inches,  mean  speec 
100  revolutions  per  minute,  and  the  initial  pressure  of  the  gases  i 
atmospheres.  For  further  particulars  see  Table  of  Trials.  Tb< 
Simplex  engines,  all  horizontal,  single-acting,  single  cylinder,  arc 
made  in  sizes  from  1  to  about  150  n.P.,  for  use  with  town  gas  ;  foi 
Dowson  or  other  poor  gas  from  30  to  400  H.P.,  and  run  at  fron 
200  to  100  revolutions  per  minute. 

The  Lencauchez  system  of  power  gas  has  been  adopted  foi 
driving  larger  engines,  and  several  important  plants,  combining 
the  Lencauchez  generator  and  the  Simplex  engine,  have  been 
erected.  One  of  these  at  the  Pantin  Flour  Mills,  near  Paris, 
worked  well  for  several  years  with  gas  supplied  by  two  Lencauchez 
generators.  During  a  long  run  test  the  indicated  H.P.  was  about 
280,  brake  power  220  H.P.,  mechanical  efficiency  78  per  cent  The 
consumption  of  non-bitiiminous  Anzin  coal  (French)  was  0*80  lb. 
per  LH.P.,  and  1*0  lb.  per  RH.P.  hour.  The  heating  value  of  the 
gas  was  152  B.T.XJ.  per  cubic  foot. 

Another  plant  at  Aubervilliers,  near  Paris,  consists  of  three 
Simplex  80  H.P.  gas  engines  working  a  set  of  dynamos,  which 

transmit  pdwer  elec- 
trically to  the  differ- 
ent machines  of  some 
large  chemical  worka 
In  a  test  made  in  1 894 
Fig.  66.— Simplex  Engine — ^Indicator  Diagram.       the  consumption  was 

1*4  lbs.  of  coal  per 
B.H.P.,  and  1*1  lbs.  per  LH.P.  hour.  At  ]fttrepagny,  in  Eure 
(France),  the  town  is  lighted  electrically  by  a  62  B.H.P.  Simplex 
engine  driven  by  Lencauchez  gas.  During  a  trial  the  consumption 
of  French  coal  in  the  generator  was  1*3  lbs.  per  B.H.P.  hour.  The 
water  supplied  to  the  town  of  Laval  is  also  raised  by  pumps 
driven  by  an  80  H.P.  Simplex  engine  worked  with  generator  gaa. 
Most  of  the  tests  on  these  motors  will  be  found  in  the  table. 
Professor  Witz's  experiments  on  the  100  H.P.  engine  at  the  Paris 
Exhibition  was  one  of  the  best.  Fig.  65  shows  an  indicator  diagram 
taken  during  the  triaL 

A  new  impetus  has  been  given  to  the  construction  of  the  Simplex 
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engme  by  the  application  of  high  fiuniAce  gases  to  drive  it  at  the 
large  works  of  the  Soci^t^  Oockerill,  at  Seraing,  in  Belgium.  The 
importance  of  the  new  industry  is  shown  in  Chapter  ziL  Very 
large  power  Simplex  engines,  all  single  cylinder,  are  now  beinfl^ 
constracted,  erected,  and  worked  at  Seraing,  and  there  is  a  demand 
for  them  in  other  iron  works.  Careful  trials  on  the  plant  at  the 
Gockerill  Works  have  been  made  by  Professor  Wits,  and  their 
economy  seems  to  be  thoroughly  established.  The  latest  tests 
witnessed  by  the  author  were  in  March,  1900. 

The  Simplex  engines  are  now  made  by  the  Creusot  firm  for 
France,  in  Belgium  by  MM.  Beer  for  small,  and  the  Sooi^t^ 
Oockerill  for  large  powers,  and  by  an  Italian  firm  at  Rome. 

Second  Iienoir. — Since  the  introduction  of  his  first  motor  in 
1860,  Lenoir,  the  pioneer  of  gas  engines,  had  been  incessantly 
working  to  perfect  his  invention  and  to  remedy  its  defects, 
especially  the  large  consumption  of  gas.  Sixteen  years  later,  in 
1876,  a  new  direction  was  given  to  the  efforts  of  mechanical 
engineers  by  the  appearance  of  the  Otto,  and  Lenoir,  abandoning 
the  lines  on  which  he  had  formerly  worked,  introduced,  in  1883,  an 
engine  in  which  the  Beau  de  Rochas  cycle  was  closely  followed. 
This  engine  has  one  motor  impulse  in  four,  with  rather  high  com- 
pression of  the  gases.  The  charge  is  fired  electrically,  and  the 
piston  moves  out  so  little  during  explosion,  that  ignition  practically 
takes  place  at  constant  volume.  The  cylinder  is  divided  into  two 
parts,  the  water-jacketed  motor  cylinder,  in  which  the  piston 
works,  and  the  compression  chamber,  which  is  air  cooled  only  br 
radiating  cast-iron  ribs.  The  incoming  gases,  as  they  pass  through 
this  chamber,  are  heated  prior  to  ignition,  their  pressure  is  thus 
increased,  and  although  a  poor  and  greatly  diluted  mixture  is  used 
they  ignite  easily.     The  motor  is  not  made  for  large  sizes. 

'Fig.  66  gives  a  sectional  plan  of  the  engine.  A  is  the  motor 
cylinder,  with  piston  P,  B  the  compression  chamber  surrounded  by 
the  external  ribs,  E  is  the  opening  for  the  exhaust  at  the  further 
end  of  the  compression  chamber,  I)  the  valve  chest  at  the  side  of 
the  cylinder,  containing  chambers  for  the  admission,  mixing,  and 
ignition  of  the  charge.  A  portion  of  the  piston-rod  is  seen  at  p, 
working  through  the  connecting-rod  and  a  strong  cylindrical  guide 
^  on  to  the  crank  shaft  K.  The  various  organs  are  worked  by  a 
counter  shaft,  R,  driven  from  the  main  shaft  by  two  spur  wheels,  e 
and  /f  in  the  proportion  of  2  to  1.  Upon  it  are  two  cams,  t>  and  ^, 
and  a  projection,  v.  The  exhaust  E  is  opened  by  the  lever  N  and 
the  rod  O  from  the  cam  f  The  valve  chest  D  is  divided  into  J  the 
admission,  and  1  the  mixing  and  ignition  chambers,  with  valve  H 
between  them.  The  air  enters  from  below  at  m,  and  the  gas  from 
above ;  the  governor  acts  upon  the  gas  admission  pipe.  The  cam  t' 
admits  the  gas,  and  the  charge  passes  through  the  channel  g  into 
the  cylinder,  and  is  fired  electrically  at  h.  Contact  is  interrupted 
or  established  by  the  projection  v  on  the  counter  shaft  R,  which  at 
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a  given  moment  in  the  cycle  of  the  engine  closes  the  circuit,  snd 
produces  the  spark.      The  passage  g  is  always  open  to  the  cylinder, 
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Fig.  67. — Second  Lenoir  Engine — 
Indicator  Diagram. 


but  the  charge  cannot  ignite  until  the  maximum  pressure  is  reached. 
For  starting,  the  valve  shaft  carries  a  second  smaller  cam,  opening 
the  exhaust  valve  during  the  compression  stroke. 

M.  Tresca,  who  had  been  the  first 
to  experiment  upon  the  original 
Ijenoir  motor,  made  trials  upon  the 
modem  engine,  in  which  the  con- 
samption  was  24  cubic  feet  of  gas 
per  I.  H.P.  per  hour.  The  indicator 
diagram  is  shown  at  Fig.  67.  In 
a  16  H.P.  engine  the  consumption  of 
Paris  gas  per  B.H.P.  per  hour  was 
a  little  over  21  cubic  feet. 

Charon. — This  engine  was  patented  in  1888,  and  shown  in  the 
French  section  of  the  Paris  Exhibition  in  1889.  It  is  a  horizontal 
four-cycle  motor,  resembling  the  Otto  in  outward  appearance  and 
mechanical  details,  with  lift  valves  and  electric  ignition.  To  obtain 
greater  expansion  in  proportion  to  admission  and  compression  of 
the  charge,  a  novel  feature  has  been  introduced  in  the  construction 
of  this  engine.  The  student  will  already  be  familiar  with  various 
devices  of  this  kind,  but  the  method  employed  by  M.  Oharon, 
although  complicated,  is  original  and  ingenious,  and  gives  a  real 
economy  in  the  consumption  of  gas. 

The  engine  has  two  valves,  one  to  admit  gas  alone,  the  other  for 
the  admission  of  the  charge  of  gas  and  air  to  the  cylinder.     In  the 


Fig.  68.— Charon  Gas  Engine.     18:^5-1899. 

latter  valve  the  air  enters  centrally  from  below,  and  the  gas  circum- 
ferentially  through   a  number  of  small  holes  immediately  below 
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the  valve  teat.  When  the  piston  has  reached  the  end  of  the  fir 
out  stroke,  with  the  fall  charge  of  gas  and  air  behind  it,  the  g] 
valve  closes,  but  the  admission  valve  remains  open  during  the  fir 
part  of  the  return  stroke.  This  valve  communicates  through  a  pi] 
with  a  spiral  coil  in  a  cylindrical  chamber  shown  to  the  1^  in  tl 
drawing,  Fig.  68.  At  the  top  of  the  latter  the  air  enters,  and 
drawn  through  the  spiral  coil  before  it  passes  to  the  admissic 
valve.  As  this  valve  does  not  close  at  once,  a  portion  of  the  gase 
instead  of  being  compressed  in  the  cylinder,  passes  into  the  spir 
passage,  driving  out  the  air  in  the  latter.  The  valve  then  close 
and  during  the  remainder  of  the  stroke  the  charge  is  compressi 
by  the  piston  in  the  usual  way,  ignited,  expanded,  and  discharge 
When  the  cycle  recommences,  the  admission  valve  again  opens  i 
well  as  the  gas  valve,  and  part  of  the  gases  stored  up  from  the  pr 
vious  charge  are  first  drawn  in,  then  air  from  the  atmosphei 
through  the  chamber.  The  next  compression  stroke  refills  tb 
spiral  coil. 

The  usual  operations  are  effected  by  lift  valves  worked  by  can 
on  a  side  shaft.  There  are  four  cams,  actuating  respectively  tl 
gas  valve,  the  valve  admitting  the  charge  to  the  cylinder,  the  ign 
tion  and  exhaust.  The  electric  wires  are  carried  into  a  sma 
chamber  at  the  back  of  the  cylinder,  immediately  above  the  ad  ml 
sion  valva  Contact  is  interrupted  by  a  lever  moved  by  a  cam  o 
the  side  shaft,  and  the  spark  is  produced  just  before  the  cran 
reaches  the  inner  dead  point.  Great  care  is  taken  in  this  engiu 
to  determine  the  precise  moment  of  ignition.  The  speed  is  ii 
geniously  regulated  in  the  following  way  : — The  ball  governor  act 
not  only  on  the  gas  cam,  but  upon  Uie  cam  opening  the  admissioi 
Both  cams  are  slightly  conical  If  the  normal  speed  is  exceede< 
the  governor  alters  the  position  of  the  cones  horizontally  on  the  sid 
shaft,  the  efi*ect  being  that  the  gas  valve  is  opened  for  a  shorter,  tb 
admission  valve  for  a  longer,  period.  The  greater  the  excess  < 
speed,  the  longer  the  latter  is  kept  open.  More  of  the  gas  and  ai 
pass  into  the  spiral  coil,  less  are  retained  to  be  compressed  in  th 
cylinder,  and  the  charge  will  be  poorer  in  quality  and  less  in  quai 
tity,  until  the  speed  is  reduced  within  normal  limits.  In  this  wa 
the  strength  of  the  explosion  and  the  expansion  of  the  charge  ar 
varied  by  the  governor,  in  accordance  with  the  work  done,  but  d 
ignitions  are  missed.  The  exhaust  is  similar  to  that  in  the  Ott 
engine. 

The  difficult  problem  r>f  varying  the  compression  and  expamsioi 
of  the  charge  seems  in  this  engine  to  have  been  ingeniously  treatec 
and  the  makers  claim  a  considerable  economy  of  gas.  A  trial  b; 
Witz  in  1895  on  a  60  B.H.P.  engine  showed  a  consumption  per  hon 
per  B.H.P.  of  16  cubic  feet  of  lighting  gas,  having  a  heating  valu 
of  588  B.T.U.  per  cubic  foot  For  details  see  table.  In  a  60  H.f 
engine  officially  tested  at  Bordeaux  in  1897,  the  consumption  wa 
the  same.     M.  Bateau  made  a  trial  on  a  50  B.H.P.  engine  at  St 
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Etienne,  in  which  16*6  cubic  feet  of  gas  were  used  per  B.H.P.  hour. 
A  aeries  of  trials  upon  a  50  H.P.  Oharon  engine  were  also  carried 
out  by  MM.  Cuinat  and  Allaire  in  1894.  The  engine  had  two 
cylinders,  each  13*7  inches  diameter,  and  23*6  inches  stroke,  and  ran 
at  150  revolutions  per  minute.  The  novelty  of  these  experiments 
was  that  fifteen  separate  trials  were  made  at  powers  rising  by  degrees 
froni  16^  B.H.P.  up  to  a  maximum  of  63  B.H.P.,  and  for  each  power 
a  corresponding  indicator  diagram  was  taken.  These  successive 
diagrams  showed  that  when  the  engine  was  worked  at  a  power 
much  below  normal,  the  explosion  line  was  almost  horizontal ;  in 
other  words,  combustion  of  the  charge  took  place.  As  the  weight 
on  the  brake  increased,  the  line  rose  until  at  the  maximum  power 
it  became  vertical,  proving  that  explosion  was  almost  at  constant 
volume.  The  16  indicator  diagrams  are  given  in  the  original  report. 
The  following  diagram.  Fig.  69,  shows  the  varying  mechanical 
efficiencies,  according  to  the  power  on  the  engine.  It  will  be  seen 
that  the  efficiencies  rise  in  a  regular  curve  in  accordance  with  the 
work  done.  With  16^  B.H.P.  developed  on  the  brake,  the 
mechanical  efficiency  was  52  per  cent.,  and  rose  to  91  per  cent  at 
53  B.H.P.     The  next  diagram.  Fig.  70,  gives  the  curve  of  varying 


Fig^  69.— Charon  Gas  Engine- 
Varying  mechanical  efficiencies 
according  to  power,  on  same 
engine. 


Fig.  70.— Charon  Gas  Engine— Vary- 
ing consumption  of  gas  according 
to  power,  on  same  engine. 


consumption  of  gas,  according  to  the  B.H.P.  upon  the  engine.  |At 
16^  B.H.P.  this  consumption  was  38  cubic  feet  per  B.H.P.  hour,  at 
24|  H.B.P.  it  was  26j^  cubic  feet,  and  at  53  B.H.P.  it  was  17  cubic 
feet  per  B.H.P.  hour,  being  2^  times  higher  with  the  minimum 
than  with  the  maximum  power  developed  on  the  brake. 

An  interesting  application  of  these  engines  to  electric  lighting 
has  lately  been  made  at  the  National  Printing  Office  in  Paris  by 
the  Socilt^  des  Industries  Economiques,  the  makers  of  the  Charon. 
Till  within  the  last  few  years  this  large  establishment,  with  a  staff 
of  1800  workmen,  has  been  lighted  by  gas.  The  building  is  old, 
but  electric  light,  though  urgently  needed,  could  not  be  installed,  it 
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was  said,  on  account  of  the  expense.  A  year  or  two  ago  the  Soci^t^ 
des  InduBtries  Economiques  undertook  at  their  own  cost  to  set  up  a 
-complete  plant  of  engines  driving  dynamos.  They  agreed  to  supply 
•electric  light  throughout  the  printing  office  for  thirteen  years  at 
a  lower  cost  than  was  formerly  paid  for  gas,  and  at  the  end  of 
that  time  the  whole  installation  is  to  become  the  property  of  the 
Government.  The  plant  comprises  four  Charon  engines  of  45  H.P., 
and  four  dynamos,  supplying  2500  electric  lamps  at  present,  but  the 
number  can  be  increased  to  3000  for  the  same  power.  The  dynamos 
are  driven  by  straps  from  the  engines,  which  are  worked  by  town 
gas,  and  run  always  at  full  load.  The  price  now  paid  for  lighting 
is  the  same  as  formerly,  with  double  the  light,  and  the  Soci6t^  will 
be  able  to  cover  their  original  outlay  and  make  a  good  profit  before 
the  expiration  of  their  term.  A  complete  account  of  this  develop- 
ment, with  drawings,  will  be  found  in  Witz.,  vol.  iii.,  p.  435. 

The  Charon  engine  is  made  horizontal  single  cylinder  from  1  to 
100  H.P.,  and  with  two  cylinders  side  by  side  from  25  to  200  H.P., 
and  runs  at  270  to  150  revolutions  per  minute.  A  small  vertical 
single-cylinder  type  has  lately  been  introduced,  in  sizes  from  1^  to 
4  H.P.y  running  at  270  to  240  revolutions  per  minute.  About 
1500  of  these  engines  have  been  made  in  France  in  nine  years. 

The  Tenting  is  a  horizontal,  single  cylinder,  single-acting  engine, 
using  the  Beau  de  Rochas  cycle.  It  presents  no  remarkable 
features^  but  is  simple  in  construction,  and  has  been  adapted  for 
propelling  carriages.  The  various  types  of  the  Ravel  engine  are 
now  no  longer  made.  M.  Ravel  introduced  a  new  type  in  1888, 
drawings  of  which  will  be  found  in  Witz  and  Chauveau,  but  its 
construction  has  now  been  given  up.  The  same  applies  to  the 
Forest,  several  types  of  which  have  been  brought  out  from  time  to 
time.     One  was  exhibited  at  Paris  in  1889  * 

Niel. — The  Niel,  which  first  appeared  at  the  Paris  Exhibition  of 
1889,  is  a  horizontal  engine  of  the  Otto  type,  with  several  ingenious 
modifications.  The  exhaust  is  a  vertical  lift  valve  ;  the  admission 
^ear  is  worked  from  a  side  shaft  geared  to  the  main  shaft  by  equal 
worm  wheels.  This  valve  shaft  actuates  a  conical  revolving  valve 
with  two  apertures  which,  when  brought  to  face  the  cylinder  ports, 
governs  the  admission  and  ignition  of  the  charge.  The  air  is 
admitted  from  a  reservoir,  or  through  the  base  of  the  engine.  By 
the  rotary  motion  of  the  valve  the  charge,  usually  in  the  proportion 
of  one  of  gas  to  eight  of  air,  is  drawn  into  the  cylinder  through  one 
of  the  ports.  To  diminish  the  shock  admission  lasts  only  during 
two-thirds  of  the  first  forward  stroke,  and  the  charge  expandls 
slightly  during  the  last  third.  The  effect  of  this  variation  from  the 
usual  cycle  is  seen  in  the  indicator  diagram,  where  the  initial 
pressure  of  the  gas  and  air  falls  slightly  below  that  of  the  atmos- 
phere. At  the  end  of  the  return  stroke  the  conical  valve  opens 
communication  through  the  other  port  between  the  contents  of  the 
*  For  desoriptionB  see  the  earlier  editions  of  this  hook. 
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[5ylmdf?r  aod  the  hot  ignition  Ui\>e,  It  b  dnrin^  this  fientKl  of 
[X>iiipressioD  and  explosion  that  the  difficulty  of  preventing  Leakage 
LS  experienced  with  all  slide  and  rotating  valvea.  M.  Kiel  obviates 
it  in  an  ingenious  way,  and  *?ven  turns  it  to  account.  A  thin 
oaetallic  diaphragm  in  the  conical  valve  is  so  arranged,  that  it  ia 
icted  upon  by  the  press un^  of  the  gas  in  the  cylinder.  Thus  the 
valve  is  made  to  fit  more  closely  in  its  socket  when  the  pressure  in 
the  cvlinder  is  at  ita  max i muni,  the  prossuro  on  the  eoniciil  [lart 
LS  tben  greatest,  and  leakage  is  ujinimised.  Tho  gaaes  are  dis- 
charged through  an  ordinary  vertical  lift  valve,  opened  by  a  lever 
t>elow  the  cylinder,  and  a  cam  on  the  side  shaft.  Fig,  71  gives  au 
sleTatian  of  the  Kiel  engine,  showing  the  conical  distributor. 

The  oscillating  governor  consists  of  a  T-shapt-d,  three-arnied 
lever,  driven  from  an  eccentric  on  the  crank  shaft.  The  horizon hd 
giniis  carry  a  weight  at  one  end,  the  other  strikes  at  each  rMvolulinn 
against  a  ^crew  which  can  be  adjusted   higher  or  lower,  and  thcj 
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Tig.  71.— Kiel  fins  Eugifvo— Elovfttimi.     Ifci-Sy  1*9. 

ipeed  thus  varied  while  the  engine  is  running.  The  vertical  ann 
terminates  in  a  point  which,  at  the  niirmal  speed,  opens  the  gas 
iralve  at  each  revolution.  If  the  speed  becomes  too  great,  the 
vertical  arm  is  displaced  by  the  awing  of  the  horizontal  arms 
jtriking  too  soon  againnt  the  screw^  and  no  gag  is  admitted.  In 
bhe  latest  types  centrifugul  govern  urn  are  sometimes  used.  The 
jylinder  is  lubricated  automatical jy,  according  to  the  speed,  from 
bhe  valve  shaft.  The  engine  is  started  by  compressing  a  charge  of 
gas  and  air  by  band  into  a  re^jervoir.  Communication  is  then 
[>pened  with  the  motor  cylinder,  and  the  products  of  combustion 
In   the   latter   expelled   by   the   fresh   compressed    rrdxture.     The 
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charge  in  the  pomp  in  fired  electrically,  the  flame  spreads,  and  th< 
force  of  the  explosion  sets  the  flywheel  in  motion.  Drawings  o 
the  engine,  and  a  description  by  M.  Moreau,  will  be  found  ii 
Comptea  Eendus  de  la  SocieU  dea  IngeniewrB  CivUs,  October,  1891. 

Trials.  —Experiments  upon  a  4  H.P.  Niel  engine  were  made  b] 
M.  Moreau.  Fig.  72  gives  an  indicator  diagram  taken  during  th( 
trial.    At  a  speed  of  160  revolutions  per  minute,  with  a  maximuo 

pressure  of  12  to  14  a1 
mospheres,  the  mean  con 
sumption  of  Paris  gas  wa 
27 '2  cubic  feet  per  hou 
per  B.H.P.  The  mechani 
cal  efficiency  was  75  to  8i 
per  cent 

In  a  test  on  a  25  I.H.I 
engine  driven  with  light 

Fig.  72.— Niel  Engine— Indicator  "^8  g»«>  ^^^  ^^  ^^^^f  ^' 

Diagram.     1891.  speed  was  180  revolution 

per  minute,  and  the  cod 
sumption  20  cubic  feet  of  gas  per  I.H.P.  hour.  The  Compagnie  dei 
Moteura  Niel,  at  Paris,  have  lately  taken  up  the  generation  of  pooi 
gas  on  the  Taylor  system,  for  driving  their  larger  motors.  The  gai 
producer  is  made  in  France  by  MM.  Fichet  and  Heurtey,  and  ii 
described  at  p.  181.  A  test  in  1896  on  a  22  I.H.P.  engin< 
driven  with  this  gas,  showed  a  consumption  of  1*7  lbs.  coke  pei 
I.H.P.  hour.  Niel  engines  of  56  H.P.  are  also  worked  with  Fichei 
and  Heurtey  gas  at  Eu  in  France.  The  Niel  is  compact,  worki 
regularly  and  quietly,  and  has  proved  one  of  the  most  successfuJ 
of  French  motors.  More  than  1500  have  been  made  in  six  years 
A  large  number  are  now  at  work  in  France  and  elsewhere,  and  13( 
engines  for  powers  of  from  ^  to  25  H.P.  are  said  to  have  been  sold 
in  nine  months.  They  are  made  horizontal  only,  single  cylinder 
in  sizes  from  1  to  75  B.H.P.,  and  run  at  230  to  150  revolutioni 
per  minute.  For  two  cylinders  side  by  side  or  opposite,  it  is  in 
sizes  from  60  to  150  B.H.P,  and  runs  at  170  to  150  revolutions 
per  minute ;  in  the  larger  engines  the  conical  revolving  valve  is 
replaced  by  ordinary  lift  valves.  Engines  intended  for  driving 
dynamos  run  at  230  to  220  revolutions.  At  the  Electrical  Statioo 
at  Rheims,  the  power  is  furnished  by  three  Niel  gas  engines,  two 
of  80  H.P.,  with  two  cylinders  side  by  side,  their  cranks  being  at 
an  angle  of  180' ;  the  third  of  85  H.P.  At  Calais,  the  electric 
light  station  is  provided  with  two  85  H.P.  Niel  engines,  each  with 
two  cylinders  side  by  side,  and  at  Cognac  and  at  Royan  there  are 
similar  gas  plants.  A  small  engine  governed  on  the  "  hit-and- 
miss"  princii)le  was  shown  at  the  Brussels  Exhibition  of  1897. 

Several  small  French  engines  have  recently  drop}>ed  out  of  public 
notice,  and  are  no  longer  made.  Among  these  are  the  Fellorce, 
the  Ferriny  and  the  Delahaye,  all  for  very  small  powers,  and  of  the 
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tto  type.  The  Jtobustey  made  by  Levasseur  at  Evreux,  and  the 
ronan,  constructed  by  the  Soci4t^  Fran9&i8e  du  Gazomoteur,  are 
K)  engines  which,  although  only  lately  produced,  do  not  seem  to 
ve  held  their  ground  against  the  keen  competition  to  which  all 
8  engine  makers  are  now  exposed.  Of  the  Duraad,  a  hori- 
Qt&l  engine  of  the  ordina^  four-cycle  Otto  type  is  still  sold. 
Boger. — M.  Roger,  of  Paris,  patentee  of  the  Benz  engine  in 
"ance,  brought  out  a  small  vertical  gas  engine  of  the  Otto  type, 
^th  hot- tube  ignitioa  and  centrifugal  governor.  This  inventor 
a  chiefly  devoted  his  attention  to  the  production  of  engines  for 
opelling  road  carriages. 

Broahot. — ^The  engine  made  by  Brouhot  k  Cie.,  at  Yierzon 
her),  is  especially  intended  for  agricultural  purposes,  such  as 
iking  wine,  distilleries,  breweries,  saw,  flour,  and  other  mills, 
d  for  electric  lighting;  it  may  be  driven  either  by  gas  or 
troleum.  It  is  of  the  ordinary  four-cycle  type,  with  a  valve 
aft  driven  by  wheels  from  the  crank  shaft  The  charge  is 
ed  by  an  electric  spark  from  a  small  battery,  or  from  a  mag- 
tiser.  Oas  and  air  are  admitted  into  an  external  mixing 
amber  through  apertures,  the  orifices  of  which  are  exactly  pro- 
rtioned.  The  ball  governor  acts  upon  the  openings  and  varies 
e  quantity  of  the  charge,  without  altering  its  quality.  The 
gine  is  made  horizontal  in  sizes  from  j^  to  10  H.P.,  single 
linder,  and  4  to  25  H.P.  for  two  cylinders,  and  vertical  from 
to  3  H.P.  For  very  small  powers  the  latter  are  prefei-able, 
cause  they  occupy  less  space. 

rhe  Otto  engine,  made  in  France  by  the  Cie.  Fran9aise  des 
>teur8  k  Gaz,  is  described  in  Chapter  vi. 

Benier. — One  of  the  latest  developments  in  gas  engines  is  the 
production  of  motors  having  gazogenes  attached,  in  which 
lerator  or  power  gas  is  made  per  stroke,  and  passes  direct  to 
)  engine,  without  intermediate  storage  in  a  gasholder.  The  idea 
B  been  taken  up  in  France,  but  hitherto  without  much  success ; 
3  Bonier  plant  is  the  best  example  of  this  type  of  engine, 
rhe  generator,  which  is  an  improvement  on  the  Arbos  system, 
combined  with  a  two-cycle  gas  motor,  and  the  gas  is  produced 
bomatically  per  stroke  as  required,  by  the  suction  of  the  motor 
ton.  The  gas  producer  consists  of  a  cylindrical  chamber  lined 
bh  fire-brick,  and  surrounded  by  an  outer  casing  and  an  inner 
Qular  space.  The  anthracite  or  coke  falls  through  a  horizontal 
ie  valve  on  to  the  hollow  revolving  circular  grate,  which  makes 
^quarter  of  a  revolution  per  hour.  Steam,  generated  in  the 
kte  itself  from  a  stream  ot  water  constantly  passing  over  the 
rs,  is  mixed  with  air,  and  the  two  are  drawn  by  the  suction 
oke  of  the  motor  piston  to  the  grate,  through  the  annular  space 
'Ween  the  furnace  and  the  outer  casing,  and  superheated.  The 
tea  from  the  furnace  are  passed  through  a  washer,  and  thence  to 
i  motor  cylinder.     The  engine  has  two  parallel  cylinders,  motor 
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and  pump,  in  which  the  usual  working  method  in  the  two-cyc 
type  is  carried  out.  The  pump  piston  draws  the  gas  through  ti 
generator,  and  air  from  the  atmosphere,  and  sends  them  on 
the  motor  cylinder.  The  exhaust  is  in  front,  the  holes  beii 
uncovered  by  the  motor  piston,  near  the  end  of  the  explosic 
stroke,  and  closed  on  its  return.  During  the  last  period  of  tl 
pump  stroke  a  small  quantity  of  air  is  drawn  in,  and  delivered  fir 
into  the  motor  cylinder,  to  prevent  the  escape  of  the  fresh  charj 
through  the  exhaust.     The  charge  is  fired  electrically. 

Two  trials  of  a  Bonier  gazogene  motor  were  made  by  Profess 
Witz  at  Lille  in  1894.  In  the  first  English  anthracite  was  use 
the  calorific  value  of  which  was  taken  at  14,400  T.U.  per  lb.,  ai 
the  consumption  was  1*4  lbs.  per  B.H.P.  hour.  The  second  tri 
was  made  with  broken  gas  coke,  the  heating  value  of  which  w: 
estimated  at  12,240  T.U.,  and  the  consumption  was  1*6  lbs.  p 
B.H.P.  hour.  Heat  efficiency  about  12  per  cent.  For  furth( 
particulars  see  Table  of  Trials. 

The  Compagnie  Fariaienne  au  Qas,  who  are  the  makers 
the  modern  Lenoir,  have  brought  out  a  useful  engine  of  their  oin 
design.  It  is  a  compact  and  handy  motor  of  the  ordinary  Oti 
four-cycle  type.  The  exhaust  and  gas  valves  are  worked  by  can 
on  the  side  shaft  driven  two  to  one  from  the  crank  shaft,  tl 
automatic  air  valve  is  lifted  by  the  suction  of  the  piston.  Ignitic 
is  by  electricity,  the  spark  being  produced  by  a  contact  maker  c 
the  side  shaft  connected  to  the  ignition  chamber.  The  centrifug 
governor  acts  upon  the  conical  cam  regulating  the  gas  admissic 
valve,  and  more  or  less  gas  is  admitted  according  to  the  speed.  1 
start  the  engine  there  is  an  additional  cam  on  the  valve  shaft,  actii 
on  the  exlmust  valve  during  the  compression  stroke.  The  motor 
made  vertical  in  sizes  from  ^  to  10  H.P.,  and  runs  at  400  to  21 
revolutions  per  minute,  and  horizontal  from  2  to  50  H.P.,  with 
speed  of  140  to  165  revolutions.  All  the  larger  sizes  have  tv; 
cylinders.  It  seems  very  popular  in  Paris ;  the  consumption  < 
town  gas  is  said  to  be  from  19*4  to  24  cubic  feet  per  B.H.P.  hour. 

The  Duplex,  made  by  the  company  of  that  name  at  Paris  i 
sizes  from  1^  to  18  B.H.P.,  horizontal  only,  is  an  ordinary  fou 
cycle  motor.  A  new  and  interesting  type  was  brought  out  in  189< 
and  described  by  Witz,  vol.  iii.,  p.  292,  but  it  does  not  seem  t 
have  made  much  progress  as  yet.  It  is  double-acting,  a  mote 
impulse  being  obtained  alternately  on  each  face  of  the  piston.  Tfa 
valves  for  the  admission  of  gas  and  air  are  at  one  end  only  of  th 
cylinder,  and  the  mixture  is  conveyed  to  either  side  as  requirec 
through  a  passage  below,  but  admission  lasts  only  during  half 
stroke,  and  is  then  cut  off  by  the  piston.  Both  the  ignition  tube 
and  the  exhaust  valves  are  made  in  duplicate.  The  usual  cycle  i 
thus  carried  out  alternately,  first  on  one  side,  then  on  the  othe 
of  the  ]>i8ton,  and  the  motor  is  in  effect  a  two-cycle,  with  SJ 
impulse  at  every  revolution. 
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The  Champion  is  a  small  single  cyliader,  single-aoting  four- 
cjcle  engine,  made  in  sizes  up  to  28  H.P.,  by  MM.  Oaloin  k  Marc, 
of  Lille ;  about  100  haye  already  been  sold.  The  motor  is  of  the 
usual  type,  but  with  a  novel  arrangement  of  yalves.  It  carries 
the  ordinary  yalves  for  admission  at  one  end,  and  also,  about  the 
centre  of  the  cylinder,  an  auxiliary  valve  opened  by  a  cam  on 
the  valve  shaft.  Half-way  through  the  admission  stroke  the 
piston  overruns  this  valve,  draws  in  air  only  for  the  rest  of  the 
stroke,  and  drives  it  out  again  on  its  return,  until  it  covers  the 
valve.  The  charge  is  then  compressed  for  the  remainder  of  the 
return  stroke,  and  expansion  follows.  By  this  means,  as  in  the 
A.tkinson,  expansion  is  increased  in  proportion  to  admission  and 
compression,  but  it  is  probably  at  the  cost  of  some  of  the  fresh 
charge  escaping  with  the  air. 

The  Btfgenty  made  by  Behn,  of  Paris,  is  a  modification  of  the 
BUUe,  a  German  engine  hitherto  driven  chiefly  bv  petroleum.  The 
nakers  claim  to  have  3000  engines  at  work.  The  motor  is  of  the 
>rdinary  four-cycle  type.  Admission  and  ignition  were  originally  by 
k  slide  valve  and  flame,  in  the  latest  types  the  charge  is  fired  by  a 
tot  tube  with  timing  valve.  The  pendulum  governor  acts  npon 
he  gas  valve,  and  adjusts  the  supply  to  the  speed  and  load.  The 
onsumption  is  said  to  be  about  21  cubic  feet  of  gas  per  I.H.P. 
lour.     The  engine  is  made  horizontal  single  cylinder,  in  sizes  from 

to  60  H.P.,  two  cylinder  from  3  to  60  H.P.,  and  runs  at  260  to 
40  revolutions  per  minute.  A  vertical  type  from  1  to  16  H.  P. 
uns  at  350  to  180  revolutions  per  minute,  or  at  a  higher  speed  if 
riving  a  dynamo  for  electric  lighting. 

The  Gnome,  made  by  S^guin,  of  Gennevilliers,  is  a  form  of  the 
eck,  a  German  engine  described  at  p.  394.  It  is  chiefiy  worked 
rith  oil,  but  as  a  gas  engine  it  is  made  in  sizes  from  1  to  15  H.P., 
nd  runs  at  400  to  250  revolutions  per  minute.  The  consumption 
flighting  gas  is  said  to  be  from  17^  cubic  feet  upwards,  according 
>  the  size  of  the  engine. 

The  TXoisl  as  now  made  by  Fritscher  &  Houdry,  of  Provins,*  has 
wo  vertical  cylinders  side  by  side,  with  two  connecting-rods, 
ioth  pistons  are  single-acting,  and  the  four-cycle  is  carried  out 
Itemately  in  each  cylinder,  giving  an  impulse  every  revolution, 
here  is  no  valve  shaft.  The  admission  valves  are  automatic,  the 
chaust  are  worked  by  eccentrics  from  the  crank  shaft.  As  these 
iilves  are  lifted  once  in  every  two  revolutions  of  the  motor  shaft, 
le  eccentrics  carry  cams  working  in  a  groove,  and  it  is  only  at 
rery  alternate  revolution  that  these  cams  reach  and  act  upon  the 
Lhanst  valve.  The  intermittent  action  necessary  in  a  four-cycle 
igine  is  thus  secured. 

The  Iietombe,  a  motor  having  some  features  in  common  with 
le  original  Lenoir  and  the  Griffin,  is  made  by  the  Oompagnie  de 
ives-fille,  and  by  MM.  MoUet- Fontaine  at  Lille.  It  is  a  four- 
rcle  double-acting  engine,  with  variable  compression  and  expansion, 
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ahown^at  Fig.  73.  The  charge  is  fired  electrically  at  either  end  < 
the  cylinder.  The  cycle  is  similar  to  that  of  the  double-actii] 
Griffin  (see  p.  65),  with  two  explosions  following  each  other  o 
either  face  of  the  piston  during  the  out  and  in  stroke,  thus  givii 
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a  motor  stroke  per  revolution,  or  a  motor  and  a  pump  strol 
alternately.  The  cylinder  is  closed  at  both  ends,  and  the  exhau 
ports  below  are  uncovered  by  the  piston  at  the  end  of  each  strok 
and  are  worked  by  cams  from  the  valve  shaft  in  the  nsnal  wa; 


THB  LBTOMBB  OA8  BNOINE.  131 

The  novelty  of  the  engine  is  that  the  Folume  of  the  charge  admitted 
is  independent  of  the  stroke,  and  the  quantity  is  increased  as 
the  quality  diminishes.  This  result  is  obtained  by  means  of  two 
vertical  valves,  one  the  ordinary  admission  valve,  whith  remains 
open  during  the  whole  of  the  first  forward  stroke.  The  other  valve, 
which  is  connected  to  it  by  a  chamber,  is  opened  first,  and  its 
closing  depends  on  the  ball  governor  acting  on  a  finely  graduated 
cam  on  the  valve  shaft.  The  gas  valve  immediately  above  is  also 
influenced  by  the  governor,  the  air  enters  between  the  two.  The 
cam  on  the  valve  shaft  is  made  with  two  sets  of  gradations,  one  set 
acts  on  the  admission  of  gas,  the  other  on  the  quantity  of  the 
charge  passing  through  the  lower  valve  to  the  ordinary  admission 
valve,  and  so  to  the  cylinder.  The  vacuum  in  the  latter  is  also 
utilised  to  act  upon  the  valves. 

By  this  ingenious  arrangement  the  quantity  of  the  charge  entering 
the  cylinder  is  made  independent  of  the  amount  of  gas.  The  higher 
the  speed  of  the  engine,  the  less  gas  enters,  but  more  of  the  total 
mixture  of  gas  and  air ;  that  is,  the  quantity  of  air  is  increased  as 
that  of  the  gas  diminishes.  The  volume  of  the  mixture  being  thus 
larger,  its  compression  pressure  is  increased,  and  ignition  is,  it  is 
said,  always  obtained,  however  poor  the  mixture.  In  other  words, 
instead  of  reducing  the  area  of  the  indicator  diagram  by  reducing 
the  height  of  the  pressure  of  explosion,  M.  Letombe  diminishes 
it  by  lengtiiening  the  lines  of  admission  and  compression.  The 
degree  of  the  latter,  or  maximum  lbs.  on  the  compression  line 
("super-compression"),  varies  with  the  amount  of  gas  and  air  to 
be  compressed.  The  inventor  claims  to  reduce  the  area  of  work 
on  the  indicator  diagram,  while  actually  increasing  the  thermal 
efficiency.  This  ingenious  action  takes  place  alternately,  at  either 
end  of  the  cylinder.  In  the  engine  as  at  first  made,  the  same 
effect  was  produced  by  slide  valves,  with  ports  adjusted  to  vary  the 
time  during  which  they  established  communication  between  the 
mixing  chamber  and  the  motor  cylinder.  Drawings  of  this  type 
are  given  by  Witz.  In  both  engines  the  principle  is  the  same — 
namely,  to  vary  the  quantity  of  the  charge  retained  in  the  cylinder, 
and  the  degree  of  compression  and  of  subsequent  expansion. 

Starting  is  more  easily  effected  in  double-  than  in  single-acting 
engines,  but  the  method  followed  in  the  Letombe  is  novel.  A  small 
quantity  of  gas  is  pumped  by  hand  into  one  side  of  the  cylinder, 
while  an  explosive  charge  is  sent  into  the  other.  The  electric 
current  is  applied,  and  an  explosion  is  produced  sufficiently  strong 
not  only  to  start  the  engine,  but  to  compress  the  charge  on  the 
other  face,  and  to  throw  the  starting  gear  automatically  out  of 
play.  The  engine  is  also  so  arranged  that  it  stops  of  itself  at  the 
right  point  in  the  stroke.  As  in  all  double-acting  motors  an 
impulse  is  obtained  at  every  revolution,  and  if  two  cylinders  be 
coupled  tandem,  at  every  stroke.  To  run  the  engine  at  half  power, 
it  can  be  made  single-acting,  and  work  on  one  face  of  the  piston 
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BUBpended.  It  Ib  said  to  be  especiallj  adapted  for  use  with  powc 
gas  and  high  furnace  gases.  All  engines  above  12  H.P.  are  double 
acting,  and  tandem  for  higher  powers.  About  84  are  now  at  wori 
and  a  150  H.P.  plant  to  work  with  power  gas  supplied  by 
Letombe  producer  is  in  course  of  construction.  A  30  H.P.  doubh 
acting  engine  was  exhibited  at  Brussels  in  1897.  The  engine  i 
said  to  work  with  a  consumption  of  about  17^  cubic  feet  of  lightin, 
gas  per  H.P.  hour,  and  rather  more  than  1  lb.  of  cheap  coal  i 
a  gazogene.  In  a  single-acting  type  the  usual  four-cycle  is  carrier 
out  on  one  fitoe  of  the  piston  only.  No  official  tests  appear  yet  t 
have  been  made. 

In  M.  Wits's  third  volume  of  Les  Mot&un  iL  Oaz^  1899,  severs 
other  French  engines  are  mentioned  and  described  with  drawings 
but  they  do  not  seem  to  be  yet  in  the  market.  Of  these  Ui( 
chief  are  the  Dufour,  Pygme^  Lair-Delay,  Phconiz^  Oadiot,  Boser 
Masurier,  and  Nioolais.  With  the  exception  of  the  Dufour  all  an 
of  the  ordinary  four-cycle  Otto  type. 

Belgian  Bngiiiefl. — Practically  all  gas  engines  now  made  iz 
Belgium  are  of  the  Otto  four-cycle  type.  The  following  are  th< 
chief  makers : — Bagot,  Daelstorm,  Nagel  k  Hermann,  Soci6t6  Belgi 
des  Moteurs  k  GhuB  et  k  P^trole,  Soci^t^  ]l^onomique,  all  at  Brussels 
Allard  Fr^res,  Soci^t^  des  Forges  et  Usines  de  Gilly,  Sod^t^ 
Anonyme  des  Haies,  Veuve  Michel,  B.  Lebrun,  in  Hainault 
F^tu,  Defise  et  Cie.,  and  Soci^t6  des  Moteurs  k  Grande  Vitesse 
both  at  lieg^ ;  A.  Qoubet,  and  Soci^t^  M^tallurgique.  The  Soci^ti 
Gockerill  are  the  present  makers  of  the  Simplex  up  to  1500  H.P. 


CHAPTER     IX. 
GERMAN     GAS     ENGINES. 

CoNTBKTB.  —  Koerting— Early  Type  — Horisontal  Type  — Adam —Bens  — 
Daimler—  Dttrkopp — Dresdener  Gras- Motor — Kappel — Lutzk^f — Berliner 
Maschinen-Bau  Motor — Sombart — Capitaine  Theory— Capitaine  Engine 
— Berlin  -  Anhaltische  Maschinen-Bau  Geaellschatt — Borsig — Weraau 
— Bechstein — Sachaenburger —  Gnome — Oechelhaueser — B^Uiki  Engine— 
BAnki  Gas  Hammer  —  Smaller  Austrian  Engines  —  Swiss  Engines  — 
Sohweizerisohe  Maschinen-Fabrik — Martini 

Koerting. — Next  to  the  Otto,  no  gas  engine  is  so  extensively 
made  in  Germany  as  the  Koerting.  It  was  first  brought  out  as 
a  vertical  engine  in  1879,  and  may,  therefore,  claim  to  rank  ai 
an  historical  motor.  Since  then  many  improvements  have  been 
introduced,  and  the  mechanical  details  are  even  now  andergoing 
change. 
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The  pnneipal  advantages  of  Tertical  gas  engines  oonsist  in  the 
smaller  floor  space  occupied  as  compared  with  horizontal  motors, 
and  their  less  weight.  For  this  reason,  varioos  attempts  have 
been  made  to  utilise  the  vertical  type,  one  of  the  most  successful  of 
which  was  the  Koerting-Lieckfeldt.  It  is  used  for  smaller  engines, 
and  marine  work,  but  there  is  always  a  good  deal  of  vibration,  and 
it  ia  seldom  employed  for  larger  powers. 

In  the  original  engine  brought  out  by  MM.  Koerting  and  Lieck- 
feldt  a  method  of  ignition  by  propagation  of  flame  in  a  conical  tube 
was  adopted,  but  in  all  the  present  engines  ignition  is  either  by 
hot  tube  made  of  porcelain  or  by  electricity.  The  method  of 
regulating  the  speed,  still  used  in  some  of  the  Koerting  engines 
was,  at  the  time  of  its  introduction,  a  novelty.  If  the  normal 
number  of  revolutions  is  exceeded,  the  governor  acts  upon  a  lever, 
one  end  of  which  keeps  the  e^chaust  valve  open,  while  the  other 
holds  a  return  valve  in  the  n/ixing  chamber  closed.  As  the  gas 
and  air  are  admitted  through  an  automatic  valve  lifted  by  Uie 
vacuum  in  the  cylinder,  no  charge  can  enter  while  the  exhaust  is 
open.  The  discharged  products  are  drawn  in  at  the  next  stroke, 
and  this  continues  till  the  speed  is  reduced,  and  the  governor 
releases  the  exhaust  valve. 

There  have  been  several  distinct  periods  in  the  construction  of 
the  Koerting-Lieckfeldt  engine.  In  the  original  vertical  tjrpe  of 
1881,  an  auxiliary  pump  was  introduced;  the  four  operations  of 
admission,  compression,  explosion  plus  expansion,  and  exhaust 
were  divided,  as  in  the  Clerk  engine,  between  the  two  cylinders, 
and  an  impulse  obtained  at  every  revolution.  There  were  two 
cranks,  motor  and  pump,  working  upwards  on  to  the  same  shaft. 
If  the  speed  was  too  great,  the  ball  governor  opened  communication 
between  the  pump  and  a  reservoir,  into  which  part  of  the  com- 
pressed mixture  was  driven.  Drawings  of  this  engine  will  be 
found  in  Schottler.  The  firm  is  now  known  as  Koerting,  of 
Hanover,  and  the  present  engine  is  called  the  Koerting. 

Type  of  1888. — In  this  motor,  still  used  for  small  powers, 
the  four-cycle  of  Beau  de  Bochas  was  adopted,  giving  one  working 
stroke  in  four.  Fig.  74  gives  a  sectional  elevation,  and  Fig.  75  an 
external  view.  A  is  the  motor  cylinder,  P  the  piston,  d  the 
connecting-rod  working  direct  on  to  the  crank  shaft  K.  All  the 
valves,  with  the  exception  of  the  automatic  admission  valve,  are 
worked  from  a  rocking  shaft,  u^  carrying  two  levers.  The  crank 
shaft  has  at  the  end  a  wheel,  e,  gearing  into  another  below  it^  /,  of 
twice  the  diameter.  With  the  latter  revolves  a  second  shaft,  c, 
carrying  two  cams,  S  and  S^,  which  work,  S^  through  the  lever  T^, 
on  the  valve  rod  IL,  and  the  ignition  tube  I,  S  through  lever  Y  on 
the  rod  R,  lifting  the  exhaust  £.  Both  valves  are  opened  once  in 
every  cycle  by  cams,  and  closed  by  springs.  The  air  enters  at  H 
from  the  base  of  the  engine,  the  gas  above  it,  and  both  mix  at  o. 
The  automatic  valve  N  is  lifted  by  the  pressure.      As  the  down 
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Fig.  74.— Koerting  Gas  Engine— Sectional  Elevation.     1888-1899. 

stroke  of  the  piston  compresses  the  gases  into  the  ignition 
chamber,  the  valve  M  rises  to  prevent  the  flames  from  shooting 
back  into  the  mixing  chamber.     An  ingenious  method  of  ignition 
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«ras  originally  adopted.  A  small  conical  cb amber  in  two  divtsions 
[X>mmiinicated  with  the  motor  cjlinder  dtiring  the  compression 
md  explosion  of  the  gases.  The  pressure  drove  up  the  lower 
movable  part,  while  the  upper  was  lifted  by  tbe  valve-rod  B^* 
rhe  compressed  gases  rushed  up  the  narrow  end  of  the  cone,  and 
ignited  at  an  external  flame  through  a  groove.  The  upper  portion 
>f  the  cone,  being  released  by  a  cam  on  the  valve  f^haft,  descended 
%ad  closed  the  mouth,  cutting  off  the  tlame^  and  causing  the  com- 
pressed and  ignited  gases  to  shoot  downwards,  and  fire  the 
remainder  of  the  charge.  The  pressure  of  th©  explosion  firmly 
closed  the  return  valve  M.  This  arrangement  has  now  been  super- 
leded  by  other  methods  of  ignition. 

The  exhaust  valve  B  is  worked  by  the  rod  R,  except  when  acted 
upon  by  the  governor.  Upon  the  auxiliary  shaft  c  is  a  weight, 
revolving  at  the  same  speed  round  a  fixed  point,  and  held  in  posi- 
tion by  a  spring  (see  Fig.  75). 
If  the  speed  is  normal,  the 
Mreight  does  not  interfere  with 
the  working  of  the  valve, 
vrhich  is  regularly  opened  once 
in  every  revolution  of  e  by 
the  cam  S.  But  if  the  proper 
ipeed  be  exceeded,  the  weight 
rotates  too  rapidly,  projects  out- 
Bide  the  wheel,  and  pushes  for- 
ward a  bell  crank,  carrying  a 
notch.  The  latter  catches  in 
a  projection  on  the  lever  V  at 
the  moment  when  it  is  pushed 
down  by  the  cam  S,  and  pre- 
vents the  closing  of  the  exhaust 
valve.  At  the  same  time  the 
left  arm  of  a  rocking  lever,  G 
[Fig.  74),  is  raised,  and  the 
Qther  arm  holds  the  return 
valve  M  closed  until  the  speed 
is  reduced.  The  jacket  water 
LB  cooled  in  pipes  by  circulation 
of  air,  a  system  adopted  in 
other  motors.  All  these  vertical 
engines  are  governed  on  the 
''  lut-and-miss''  principle. 

Horizontal  Type. — MM.  Koerting  have  also  brought  out  a  hori- 
zontal motor  of  the  usual  four-cycle  type  (see  Fig.  76),  In  this 
engine  hot-tube  ignition  is  used  with  a  Bun^en  burner.  During 
the  compression  stroke  the  tube  eonimunicates  througJi  a  valve 
with  the  outer  air,  discharging  the  products  of  combustion.  The 
velocity  of  the  gas  entering  the  ignition  chamber  is  said   to  be  bo 


Fig.  75*— Vertical  Koerting  Gas 
Engine. 
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great,  that  the  flame  does  not  spread  back  into  the  cylinder  nnti] 
the  onter  valve  is  closed,  when  it  shoots  forward,  igniting  the 
remainder  of  the  charge.  The  valves  resemble  those  of  the  vertical 
engine,  except  that  they  are  worked  by  eccentrics  on  the  crank 
shaft ;  in  the  latest  types  these  are  replaced  by  cams  worked  from 
an  auxiliary  shaft.  There  are  three  valves,  the  automatic  gas  and 
air  valve,  the  admission  valve  to  the  cylinder,  and  the  exhaust 
A  lever  acted  upon  by  the  governor  works,  as  already  described, 
between  the  exhaust  and  admission  valves.  There  is  also  an 
arrangement  to  prevent  the  eccentrics  on  the  crank  shaft  from 
opening  the  valves  at  every  revolution,  instead  of  every  other 
revolution ;  a  description  of  it  will  be  found  in  Schottler  (third 
edition).  Fig.  76  gives  an  elevation  of  his  horizontal  motor.  The 
Koerting  engines  are  now  (1899)  always  of  the  Otto  type,  single- 
acting.  They  are  made  vertical,  from  ^  to  6  B.H.P.,  and  run  at 
320  to  180  revolutions  per  minute ;  horizontal  from  3  to  150 
B.H.P.,  with  a  speed  of  350  to  120  revolutions  per  minute. 
All  the  larger  sizes  are  fired  electrically. 

MM.  Koerting  now  make  a  specialty  of  their  horizontal  engines 
for  driving  dynamos ;  a  two-cylinder,  single-acting  tandem  type, 
with  the  usual  side  shaft  for  working  valves,  is  shown  at  Fig.  77. 
The  governor  is  arranged  to  vary  the  strength  of  the  charge  within 
narrow  limits.  The  admission  valve  carries  a  series  of  levers  and 
a  slide.  At  ordinary  speeds  it  is  held  open  during  the  whole 
of  the  forward  stroke,  but  with  the  slightest  variation  in  the 
number  of  revolutions  the  valve  is  closeid  earlier,  the  time  of 
closing  being  regulated  by  the  movement  of  the  balls.  A  certain 
portion  of  the  charge  is  always  admitted,  even  when  the  engine 
is  running  empty.  The  ignition  valve  is  connected  by  a  link 
motion  to  the  eccentric  governing  the  admission,  and  usually 
begins  to  open  when  the  engine  crank  is  20'  before  the  inner 
dead  point  When  the  slide  is  in  its  lowest  position,  and  only  a 
small  charge  is  admitted,  a  lever  is  shifted,  and  earlier  ignition  is 
obtained.  By  this  means  even  a  weak  charge  may  be  ignited 
with  certainty.  In  all  the  horizontal  engines,  the  governor  acts 
on  the  admission  valve,  and  varies  the  quantity  of  the  charge 
passing  to  the  cylinder,  according  to  the  speed  and  load  ;  but  the 
quality  is  always  the  same.  There  is  no  graduated  cam  on  the 
valve  shaft,  and  the  engine  receives  the  same  proportion  of  gas 
and  air,  whether  it  be  run  at  full  load  or  empty.  Starting  is 
effected  in  the  usual  way — in  the  smaller  sizes  by  hand,  in  the 
larger  by  means  of  air  previously  compressed,  either  by  the  engine 
or  by  a  small  auxiliary  motor.  The  speed  can  be  varied  15  per 
cent,  while  the  engine  is  running. 

MM.  Koerting  have  not  been  behind  others  in  using  power  gas, 
and  all  the  motive  force  required  for  their  works  near  Hanover  is 
furnished  by  it,  the  engines  developing  a  total  of  300  H.P.  The 
gas  is  made  on   the  Dowson    system,  the    patent    having    now 
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^'^'    Another  plant  is  at  Sestri  Ponente,  in  Italy,  where  two 
*LP-  K.oerdng  engines  are  driven  by  this  gas.     Motors  coupled 
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direct  to  dynamos,  also  supplied  by  the  firm,  are!;'made  from  2 
125  H.P.,  single  or  double  cylinder,  and  run  at  250  to  120  revo 
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tions  per  minute.     They  are  intended  to  be  driven  either  wi 
lighting  gas,  benzine,  or  power  gas.     Attention  has  been  especisi 
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ieToted  for  many  years  to  waterworks,  and  the  pumping  stations 
»f  twenty  towns  in  Germany  and  elsewhere  are  now  driven  by 
^oerting  engines,  with  an  aggregate  of  about  300  H.P.  They 
Lave  also  erected  a  Urge  number  of  central  electric  stations  in 
owns  and  other  places.  The  firm  also  now  construct  engines  for 
Lse  with  high  furnaces  and  coke  oven  gases,  though  not  for  very 
arge  powers. 

A  large  number  of  tests  have  been  made  on  Koerting  engines, 
ncluding  several  on  the  earlier  typea  Trials  were  made  at 
lanover  in  1890  by  Prof  Fischer  on  a  20  RH.P.  engine,  giving 
k  consumption  of  25  cubic  feet  of  German  gas  per  B.H.P.  hour. 
^  later  trial  by  Dr.  Epstein  in  Frankfort  in  1893  on  a  35  RH.P. 
engine  showed  a  consumption  of  19  cubic  feet  of  gas  per  RH.P. 
loor. 

Adam. — ^The  Adam  vertical  gas  engine,  constructed  by  the 
liaachinen-Bau  Gesellschaft  at  Munich,  resembles  the  Koerting 
n  some  respects.  Ignition  is  effected  by  propagation  of  flame; 
;he  governor  acts  on  the  exhaust  valve,  and  the  products  of  com- 
bustion are  re-introduced  into  the  cylinder,  instead  of  a  fresh 
charge,  if  the  speed  be  too  great.  The  makers  of  the  Adam, 
iiowever,  claim  these  details  as  the  result  of  independent  in- 
vention. The  smaller  sizes  have  one,  and  the  larger  types  two 
cylinders. 

The  Adam  is  of  the  usual  four-cycle  single-acting  type,  and  there 
is  one  working  stroke  for  every  two  revolutions.  Fig.  78  gives  a 
lectional  elevation  of  a  single-cylinder  motor.  The  lift  valves  are 
worked  in  the  same  way  as  in  the  Koerting,  by  a  small  auxiliary 
shaft  K^  driven  from  the  crank  shaft  K  by  spur  wheels  two  to  one* 
The  organs  of  admission,  distribution,  ignition,  and  exhaust  are 
arranged  side  by  side,  and  shown  to  the  left.  Gas  and  air  are 
admitted  into  the  mixing  chamber,  the  gas  from  above,  the  air 
from  below.  Another  automatic  valve  then  lifts  to  admit  the 
mixture,  at  a  pressure  of  several  atmospheres,  through  the  wide 
passage  b  into  the  cylinder  A  with  piston  P.  This  pressure  com- 
pletes the  thorough  mixing  of  the  charge,  an  ignition  pressure  of 
10  to  18  atmospheres  is  said  to  be  obtained,  and  the  usual  four- 
cycle is  then  carried  out  in  the  cylinder.  The  ignition  chamber 
consists  of  a  hollow  tube  or  cylindrical  valve,  V,  enclosed  within 
another  in  which  a  small  vertical  piston,  p,  works.  At  the  moment 
of  ignition,  the  compressed  gases  from  the  motor  cylinder  enter  the 
tube  from  below,  are  driven  up  till  they  meet  the  flame  at  the 
opening  d^  and  ignite.  The  valve  piston  now  descends,  communi- 
cation is  shut  off  from  above,  and  the  flame  shooting  back  into  the 
cylinder  ignites  the  rest  of  the  charge. 

The  speed  is  regulated  by  the  ball  governor  G,  which  keeps  the 
exhaust  valve  open  a  shorter  or  longer  time.  The  counter  shaft 
Kj  carries  two  cams  of  different  sizes  for  working  the  exhaust, 
and  a  hollow  for  the  ignition  valve.     The  two  valve-rods  end  in 
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a^roller,  0,  just  below  the  counter  shaft  When  the  hollow  in  t 
cam  is  brought  round  to  the  rod  S,  working  the  small  valve  pist 
p,  the  rod  is  allowed  to  rise,  and  with  it  the  piston,  and  the  gai 
ignite.  During  the  remainder  of  the  revolution  the  rod  and  pist 
leave  the  hollow,  and  are  driven  down,  and  no  ignition  of  the  gai 
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Fig.  78.— Adam  Oas  Engine— Sectional  Elevation.     1888-1899. 


at  the  external  flame  B  can  take  place.  The  exhaust  valve-rod 
ususlly  opened  once  in  every  revolution  of  the  counter  shaft 
the  smaller  cam.  But  if  the  speed  be  too  great,  the  balls  of  t 
governor  rise,  and  shift  the  roller  e  from  the  smsller  to  the  larg 
cam.  Thus  the  exhaust  remains  open  during  half  a  revolutic 
the  automatic  admission  valve  cannot  rise,  being  held  in  positi 
byfa  strong  spring,  and  the  gases  of  combustion  are  re-admitt< 
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d  continue  to  enter  until  the  speed  is  diminished,  and  the  roller 
eased  and  transferred  to  the  smaller  cam. 

The  constructors  of  the  Adam  have  also  introduced  a  twin- 
linder  vertical  engine  for  larger  powers.  A  25  H.P.  motor  of 
18  kind  was  shown  at  the  Munich  Exhibition  in  1888 ;  and 
other  of  30  nominal  H.P.,  with  four  cylinders,  at  the  Frankfort 
metrical  Exhibition  in  1891.  The  latter  was  of  the  same  type  as 
B  twin-cylinder  engine,  with  double  the  number  of  cylinders, 
le  latter  are  placed  diagonally  to  each  other,  the  centre  of  the 
is  of  each  being  in  line  with  the  centre  of  the  crank  axis.  The 
ir  pistons  work  opposite  each  other  in  pairs  on  to  two  cranks 
0*  apart,  and  one  crank  shaft ;  the  up  stroke  of  one  of  the  pair 

pistons  is  always  more  rapid  than  the  corresponding  down 
-oke  of  the  other.  Thus  the  engine,  instead  of  being  a  fourcycle, 
virtually  a  two-cycle  motor,  and  there  is  an  explosion,  beneath 
e  piston  of  each  pair,  every  time  it  passes  the  dead  point.  The 
Ives  for  admission,  ignition,  and  exhaust  are  the  same  as  in 
e  single-cylinder  engine,  and  are  ranged  at  either  end,  at  right 
gles  to  the  cylinders.  The  admission  valve  is  automatic,  the  air 
ters  from  the  base  of  the  engine,  through  holes,  into  the  seat  of 
B  valve,  the  gas  from  the  side.  The  distribution  valve  is  lifted 
>m  its  seat  at  each  stroke  of  the  piston,  to  admit  the  charge  into 
e  cylinder.  The  method  of  firing  the  charge  is  similar  to  that  in 
e  single-cylinder  engine.  The  ignition  and  exhaust  valves  are 
)rked  by  rods  and  cams  from  the  counter  shaft  in  the  usual  way, 
d  there  is  a  ball  governor  to  each  pair  of  cylinders.  In  twin- 
linder  engines  intended  for  driving  dynamos,  its  action  is  deli- 
bely  regulated,  and  if  the  normal  speed  is  exceeded,  the  governor 
Ids  open  the  exhaust  valve  of  one  cylinder  only,  while  the  other 
itinues  working. 

A  trial  upon  a  twin-cylinder  11  B.H.P.  Adam  gas  engine  was 
rried  out  by  Professor  Schroter  at  Munich  in  1889.  At  Nurem- 
rg,  in  1888,  in  an,  11*72  B.H.P.  engine,  the  consumption  was 

cubic  feet  of  town  gas  per  B.H.P.  per  hour,  including  the 
temal  flame.  The  most  recent  experiments  with  a  6  B.H.P. 
gine  show  a  consumption  of  23  cubic  feet  of  German  lighting  gas 
r  B.H.P.  per  hour. 

Benz. — One  of  the  best  designed  of  German  engines  is  the 
inz,  patented  in  1884,  and  constructed  by  the  Rheinische  Gas- 
[>toren  Fabtik  at  Mannheim.  In  it  the  problem  was  again 
^ated,  how  to  obtain  a  motor  impulse  per  revolution,  without 
i  additional  complication  of  a  second  pump  cylinder.  The  loss  of 
irer  and  want  of  regularity  in  four-cycle  engines,  giving  an  explo- 
n  only  evenr  two  revolutions,  was  thus  avoided.  In  the  opinion 
Professor  Witz,  the  difficulty  was  more  completely  and  satisfao- 
ily  solved  in  this  than  in  any  other  engine.  The  chief  novelty 
s  the  introduction  of  a  charge  of  compressed  air,  to  aid  the  piston 
ring  its  return  stroke,  in  driving  out  the  products  of  combustion. 
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Fig.  79  gives  an  elevation  and  Fig.  80  a  plan  of  the  Benz  enj 
A  is  the  horizontal  motor  cylinder  closed  at  hoth  ends,  in  whicl 
piston  P  works,  A^  the  small  gas  pump  with  plunger  piston 
The  air  receiver  in  the  base  of  the  engine  B  is  shown  at  Fig 
and  the  compressed  air  passes  through  D  to  the  cylinder.  S  if 
slide  valve,  worked  by  eccentric  g  on  the  crank  shaft,  through  w 
and  the  port  m  air  is  drawn  into  the  front  part  of  the  cylin 
Daring  the  next  forward  stroke,  the  side  of  the  piston  next 
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Fig.  79.— Benz  Gas  Engine— Elevation. 


Fig.  80.— Benz  Gas  Engine— Plan. 

crank  compresses  it  into  the  receiver  below,  from  whence  a  chi 
of  compressed  air  enters  the  back  of  the  cylinder.  The  lift  vali 
and  the  exhaust  E  are  worked  from  the  crank  shaft  by  an  obli 
rod  indicated  by  dotted  lines  in  Fig.  79,  the  lever  C  and  cai 
The  piston  P^  of  the  gas  pump  is  fixed  to  the  crosshead,  and  mc 
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dth  it.  The  gas  is  admitted  into  the  pump  A^  through  a  valve 
onnected  to  the  governor,  which  raises  it  for  a  longer  or  shorter 
Line,  according  to  the  speed.  The  return  stroke  of  the  pump 
impresses  the  gas  into  the  motor  cylinder,  through  the  lift  valve  ^ 
'hich  at  the  end  of  the  pump  stroke  is  pushed  up  from  the  lever  n 
nd  eccentric  h  on  the  main  shaft.  Electric  ignition  was  employed 
x>iii  the  first.  In  this  engine  the  two  sides  of  the  piston  were 
tilised.  The  whole  of  the  forward  stroke  being  spent  in  expan- 
Lon,  and  the  discharge,  admission,  and  compression  of  the  gases 
eing  carried  out  during  the  return  stroke,  great  expansion  was 
btained  in  proportion  to  compression.  The  manufacture  of  these 
n'o-cycle  engines  has,  however,  now  been  given  up  in  favour  of  the 
leaper  and  almost  universally  used  four-cycle  type. 

Daimler. — This  engine  is  constructed  by  the  Daimler  Motoren 
resellschaft  at  Gannstadt,  near  Stuttgardt ;  the  French  makers  are 
IM.  Panhard  and  Levasseur  at  Paris.  A  Daimler  motor  was 
lown  at  the  Paris  Exhibition  of  1889.  It  has  several  novel  and 
iteresting  features,  the  chief  of  which  are  its  great  speed  and  the 
urity  of  the  charge,  due  to  the  complete  expulsion  of  the  products 
f  combustion.  The  original  motor  had  one  cylinder ;  the  later 
rpe  is  vertical  with  two  cylinders.  It  is  now  chiefly  driven  with 
l1^  and  as  a  petroleum  motor  for  small  powers  has  had  much 
iccess. 

In  the  Daimler  engine  the  parts  are  enclosed,  to  protect  them 
om  dust,  and  a  reservoir  is  thus  formed,  into  which  air  is  intro- 
nced  and  compressed  by  the  action  of  the  piston.  There  are  two 
flinders  and  two  pistons,  placed  diagonally  at  a  slight  angle  above 
le  horizontal  motor  shaft,  and  working  down  through  two  con- 
ecting-rods  upon  two  cranks.  The  explosion  in  one  cylinder  is 
ifficient  to  drive  both  cranks  through  one  revolution.  The  engine 
t  of  the  four-cycle  type,  but  the  operations  of  admission,  com- 
ression,  explosion  plus  expansion,  and  exhaust  are  performed 
[temately  in  each  cylinder.  The  gases  are  admitted  through  an 
atomatic  valve  during  the  down  stroke  of  the  one  piston,  and 
mnltaneously  expanded  by  the  down  stroke  of  the  other,  which  is 
le  working  stroke.  The  next  up  stroke  compresses  the  charge  in 
tie  cylinder  into  the  hot  ignition  tube,  where  it  is  tired  without  a 
iming  valve,  and  expels  the  burnt  products  in  the  other.  Thus 
tiere  is  an  explosion  and  a  motor  impulse  in  one  or  other  cy lin- 
er for  each  revolution,  and  a  complete  cycle  is  carried  out  in  each 
y Under  during  two  revolutions.  The  charge  is  rich,  because  the 
roducts  of  combustion  are  said  to  be  completely  expelled  at  each 
broka  These  effects  are  obtained  by  means  of  two  air  admission 
alves,  one  in  the  centre  of  each  piston,  which  is  lifted  by  forks 
uring  the  up  stroke,  and  closed  by  the  pressure  above  it.  The 
ther  air  valve  is  at  the  side  of  each  cylinder,  and  opens  auto- 
matically to  admit  air  from  without  to  supply  the  reservoir.  As  the 
fttter  fills,  the  pistons  descend,  compressing  the  air  below  them. 
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Having  reftofaed  the  lower  dead  point,  thej  begin  to  return,  t 
products  of  combustion  being  behind  the  one,  and  the  fresh  char 
behind  the  other.  The  piston  yalves  are  then  lifted,  the  air  frc 
below  mingles  with  the  frosh  charge  in  one  cylinder,  and  is  furth 
compressed  ;  in  the  other  it  drives  out  the  products  before  it.  T 
speed  is  regulated  by  the  governor  acting  on  the  exhaust  valve  1 
means  of  a  lever,  and  keeping  it  closed  a  longer  or  a  shorter  tin 
If  the  normal  limits  are  exceeded,  the  products  of  combusti 
remain  in  the  cylinder,  and  no  fresh  charge  is  admitted  until  t 
speed  is  again  reduced,  and  the  lever  released. 

The  engine  runs  at  from  450  to  700  revolutions  per  minute,  ai 
for  the  power  obtained  it  occupies  a  relatively  small  space.  It  h 
not  hitherto  been  made  for  larger  powers.  It  is  a  convenient  litl 
engine,  light  and  easily  handled,  and  powerful  for  its  size.  As  tl 
parts  are  not  easily  accessible,  and  the  flywheel  cannot  be  tuni< 
by  hand  to  start  the  engine,  a  handle  is  fixed  to  the  outside,  to  s 
it  in  motion.  It  is  made  vertical,  for  1,  2,  or  4  parallel  cylindei 
in  sixes  from  ^  to  10  H.P.  nom. 

Diirkopp. — The  Diirkopp  gas  engine,  made  by  the  Bielefeld* 
Nahmaschinen  Fabrik,  is  another  four-cycle  motor.  In  the  verdc 
type  the  cylinder,  and  the  admission,  ignition,  and  exhaust  valv 
are  below,  and  the  connecting-rod  works  upward  on  to  the  cran 
The  motor  shaft  is  above,  and  carries  on  one  side  the  flywheel  ai 
driving  pulley,  on  the  other  a  vertical  side  shaft  worked  by  whec 
2  to  1.  In  both  the  horizontal  and  vertical  engines  all  the  valv 
are  driven  by  cams.  Air  and  gas  are  admitted  at  the  side,  and  pa 
into  the  mixing  chamber  through  a  valve  lifted  by  a  cam  upon  t] 
side  shaft.  The  same  cam  forces  up  a  lever  opening  the  exhaui 
The  gases  of  combustion  are  discharged  through  an  exhaust  val' 
made  in  two  parts,  larger  and  smaller.  To  obtain  a  more  qui 
discharge,  part  of  the  gases  are  allowed  to  escape  through  tJ 
smaller  valve,  before  the  main  exhaust  valve  opens.  Ignition  is  1 
a  hot  tube,  the  opening  of  which  is  uncovered  by  a  cam  lifting 
small  valve-rod.  The  governor  is  also  placed  on  the  counter  shaj 
The  levers  connected  to  the  gas  admission  valve  are  opened  by 
cam  once  in  every  revolution  of  this  shaft,  but  if  the  normal  spec 
be  exceeded,  the  balls  of  the  governor  rise,  and  shift  the  cam  oi 
of  position.  The  gas  valve  remains  closed,  wholly  or  partial! 
until  the  speed  is  reduced,  and  the  balls  fall  The  engine  is  mac 
single  cylinder,  vertical,  in  sizes  from  ^  to  12  B.H.P.,  and  horizoi 
tal,  with  one  or  two  flywheels,  from  1  to  30  B.H.P.  single  cylinde 
and  4  to  60  B.K.P.  for  two  cylinders.  The  consumption  of  tow 
gas  is  said  to  be  from  17^  to  31  cubic  feet  per  I.H.P.  per  hour,  an 
the  engine  runs  at  from  250  to  150  revolutions  per  minute,  acoor 
ing  to  the  size. 

Dresdener  Gkk8*Motor. — The  gas  engine  brought  out  by  Ui 
Dresdener  Gas-Motoren  Fabrik  (Hille's  patent)  is  a  compact  ao 
well-made    engine,   single-acting,   both    verticaJ    and    horizonta 
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About  600  engines  are  sold  annually,  and  the  makers  claim  to  have 
ftbout  3000  now  at  work  (1899).  like  many  engines  which  have 
appeared  since  the  expiration  of  the  Otto  patent,  it  adheres  very 
sloeely  in  working  details  to  that  type.  It  has  the  usual  sequence 
[>f  operations,  admission,  compression,  explosion  plus  expansion, 
uid  exhaust,  and  there  is  one  explosion  for  every  two  revolutions, 
rhe  piston-rod  and  connecting-rod  work  direct  on  to  the  crank 
ihaft.  A  slide  valve  at  the  side  of  the  cylinder,  acted  on  by  a 
iralve-rod  from  a  counter  shaft,  effects  the  admission  of  the  gas  and 
iir,  and  governs  the  hot-tube  ignition,  in  the  larger  engines.  The 
x>unter  shaft  is  driven  from  the  crank  shaft  in  the  usual  way,  by 
irheels  2  to  1.  The  exhaust  valve  below  the  cylinder  is  opened  by 
levers,  and  closed  by  a  spring,  as  in  the  Otto ;  it  is  worked  from 
iie  counter  shaft  by  a  separate  valve-rod.  For  small  powers,  from 
^  to  6  H.P.,  these  engines  are  made  vertical,  with  a  pendulum 
governor,  and  run  at  180  to  230  revolutions  per  minute.  For 
powers  from  |  to  100  H.P.,  a  horizontal  single-cylinder  type, 
making  180  to  140  revolutions  per  minute,  is  used,  with  a  centri- 
ugal  governor.  Where  great  regularity  is  required,  as  for  electric 
ighting,  the  engines  have  two  flywheels,  are  made  in  sizes  from  3 
io  100  B.H.P.,  and  run  at  250  to  140  revolutions  per  minute.  In 
,he  latest  types  the  speed  is  regulated  by  a  pendulum  governor, 
tcting  on  the  valve  admitting  the  charge  to  the  cylinder.  Under 
lormal  working  conditions  this  valve  is  always  held  open  by  a 
tpring,  the  gas  and  air  valves  being  driven  by  gearing.  A  lever 
rorked  by  a  cam  carries  a  projection,  which  usually  passes 
mother  on  the  lever  of  the  admission  valve,  and  the  latter 
'emains  open.  If  the  normal  speed  is  exceeded,  the  pendulum 
rovemor  causes  the  two  projections  to  strike  against  each  other, 
,he  admission  valve  is  closed,  and  no  charge  reaches  the  cylinder. 
[n  an  engine  shown  at  the  Brussels  Exhibition  of  1897,  electric 
gnition  was  used,  and  the  pendulum  governor  regulated  the 
ipeed  by  holding  the  exhaust  valve  open.  Trials  on  the  Dresdener 
engine  have  been  made  by  Professors  Schottler  and  Levicki. 
rhe  former  tested  a  16^  B.H.P.  engine  at  Dresden,  and  found 
^he  consumption  to  be  24  cubic  feet  of  town  gas  per  B.H.P.  hour. 
Professor  Levicki  experimented  on  a  6 '8  B.H.P.  engine,  the 
consumption  in  which  was  nearly  26  cubic  feet  of  town  gas  per 
B.H.P.  hour,  and  the  mechanical  efficiency  90  per  cent.  These 
mgines  are  also  made  to  work  with  power  gas,  from  generators 
>n  the  Dowson  system,  supplied  by  the  makers. 

Kappel. — The  Maschinen  Fabrik  Kappel,  at  Chemnitz,  Saxony, 
lave  introduced  a  horizontal  gas  engine,  similar  in  many  respects 
;o  the  Otto.  The  exhaust  in  this  motor  is  opened  by  two  pro- 
ections  and  a  roller  worked  from  an  eccentric  on  the  valve  shaft ; 
he  second  projection  opens  the  exhaust  at  starting,  during  the 
compression  stroke.  Air  and  gas  are  admitted  through  lift  valves, 
kud  ignition  is  by  a  small  slide  valve  at  the  side  of  the  cvlinder, 
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which  performs  no  other  function  than  to  uncoyer  the  hot-tub 
port.  The  ball  governor  is  driven  from  the  valve  shaft,  and  coi 
trols  an  eccentric  which  actuates  the  ignition  slide  valve.  1 
engines  intended  for  driving  dynamos  &e  rod  opening  the  ga 
valve  is  so  adjusted  to  the  governor,  that  when  the  latter  is  in  it 
lowest  position  the  largest  quantity  of  gas  is  admitted,  and  th 
amount  diminishes  as  the  balls  of  the  governor  rise,  till  it  is  onl 
one-third  of  the  original.  At  a  still  greater  excess  of  speed,  th 
gas  valve  remains  closed.  Sometimes  a  spring  governor  acting  o] 
the  gas  admission  and  air  valve-rods  is  used.  The  spring  i 
deflected  by  two  screws,  more  or  less  according  to  the  speed,  an 
by  altering  the  position  of  the  screws  the  speed  of  the  engine  cai 
be  increased  from  100  to  175  revolutions  per  minute.  The  engin 
is  made  horizontal  only,  single  cylinder,  in  sizes  from  i  to  60  H.P 
two  cylinders  10  to  120  H.P.,  and  runs  at  200  to  140  revolution 
per  minute. 

Iititsky. — The  Nuremberg  gas  engine,  designed  on  the  Liitzk; 
system,  is  an  interesting  little  motor,  intended  chiefly  for  sma] 
powers,  and  differing  in  several  respects  from  the  usual  type.  I 
is  vertical,  with  the  cylinder  at  the  top,  the  piston  working  dowi 
through  a  connecting-rod  upon  the  crank  shaft,  placed  in  a  hoUoi 
conical  base  plate  below.  There  are  two  flywheels,  and  the  inventc 
asserts  that  the  engine  combines  the  stability  of  a  horizontal,  wit! 
the  compactness  of  a  vertical  motor,  while  the  valve  gear  i 
reduced  to  a  minimum.  Admission  is  by  two  automatic  lift  valve 
at  the  top  of  the  cylinder.  Through  the  first  the  gas  passes  int 
the  mixing  chamber,  the  second  rises  to  admit  the  charge  of  ga 
and  air  into  the  cylinder,  but  the  two  are  so  connected  by  lever 
that  the  admission  valve  can  fall,  but  cannot  rise,  without  raising 
the  gas  valve.  The  exhaust  valve  at  the  side  of  the  cylinder  i 
worked  by  levers  and  a  cam  on  a  small  counter  shaft,  driven  froc 
the  crank  shaft  by  spur  wheels,  2  to  1.  The  pressure  of  th 
gases  prevents  the  gas  admission  valve  from  rising  while  th 
exhaust  is  open.  Ignition  is  by  hot  tube  without  a  timing  valve 
The  speed  is  regulated  by  a  pendulum  governor  placed  on  th< 
crank  shaft  If  it  be  normal,  the  lower  heavier  weight  at  th< 
bottom  of  the  pendulum  is  pushed  outwards  at  every  stroke  b^ 
an  eccentric  on  the  shaft,  and  returning,  releases  the  levers  openinj 
the  exhaust  from  a  notch  on  a  disc,  and  the  valve  closes.  Bu 
if  the  speed  be  too  great,  the  pendulum  weight  does  not  8trik( 
against  the  eccentric  in  time,  the  levers  remain  fixed  in  the  notch 
the  exhaust  is  held  open,  and  the  gas  admission  valve  cannot  rise 
In  a  type  described  by  Schottler,  the  admission  valve  is  openec 
by  rods  acted  on  by  a  tappet  on  a  disc,  which  is  rotated  by  a  levei 
from  the  crank  shaft.  At  every  other  revolution,  the  tappei 
engages  in  the  end  of  the  admission  valve-rod,  and  opens  it.  Th< 
lower  part  of  this  rod  carries  a  pendulum  governor,  and  during 
the  expansion  stroke  another  notch  on  the  disc  drives  out  th< 
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governor  and  the  end  of  the  rod,  the  two  returning  into  position 
before  the  next  revolution  of  the  disc.  If  the  speed  is  too  great, 
the  swing  of  the  governor  causes  the  notch  to  miss  the  rod,  and 
the  admission  valve  is  not  opened. 

A  6  H.P.  Liitzky  engine  was  tested  by  Professor  Schottler  in 
Qermany.  When  running  without  the  governor  at  a  mean  speed 
[»f  200  revolutions  per  minute,  the  consumption  of  town  gas  was 
24  cubic  feet  per  hour  per  I.H.P.  When  the  governor  was  put 
[>n,  the  engine  made  180  revolutions  per  minute,  and  the  con- 
lumption  at  half  power  was  28  cubic  feet  per  hour  per  H.P.  The 
i^B  used  was  exceptionally  rich.  Good  arawings  of  this  engine 
will  be  found  in  the  Zeitichrift  des  Vereine$  DeuttcKer  InghUewr€f 
ingust  22,  1891.  It  was  made  by  the  Nuremberg  Maschinen-Baa 
jresellschafb,  who  now  construct  the  Krupp  (Sombart)  engine. 

Berliner  Maaohinen-Bau  Motor  (Easelowsky's  Patent).— 
rhe  gas  engine  made  by  the  Berliner  Maschinen-Bau  Gksellschaftj 
brmerly  Schwartzkopff,  is  of  the  four-cycle  horizontal  Otto  type, 
knd  stands  on  a  strong  foundation.  Hot-tube  ignition  is  used, 
nth  a  timing  valve,  and  the  lift  valves  for  admission  and  exhaust 
re  worked  by  a  counter  shaft,  at  right  angles  to,  and  driven  from 
be  main  shaft.  A  conical  pendulum  governor  regulates  the 
uantity  of  gas  automatically,  according  to  the  power  required. 
Ihe  motor  is  now  no  longer  constructed  in  Germany,  but  it  is 
oade  for  oil  only  in  England  by  Messrs.  Stephenson,  of  Newcastle- 
n-Tyne,  and  ia  known  as  the  *'  Rocket  **  (see  Oil  Engine  Section). 
Sombeurt. — The  Sombart  engine,  formerly  made  by  the  firm  of 
(uss,  Sombart  <fe  Cie.,  afterwards  by  Fried.  Krupp,  Grusonwerk, 
lagdeburg,  and  now  by  the  combined  firms  of  the  Maschinen 
'abrik,  Augsburg  and  Nuremberg,  was  first  exhibited  in  1886. 
b  is  one  of  the  oldest  German  engines,  and  was  originally  made 
ertical,  the  charge  being  admitted  through  a  slide  valve  and  fired, 
a  some  respects  it  resembled  the  Adam  and  Koerting,  and  the 
rdinary  four-cycle  was  used.  Ignition  was  obtained  by  the  propaga- 
on  of  an  external  flame  through  a  passage  in  the  slide  valve.  This 
'rangement  has  now  been  superseded  by  hot-tube  ignition.  The 
IS  and  air  were  admitted  through  a  slide  valve  acted  on  by  a  rod 
om  an  eccentric  on  the  valve  shaft,  the  exhaust  was  opened  from 
by  means  of  a  roller  and  levers. 

llie  makers  of  the  engine  long  considered  that  a  high  speed  was 
advisable,  and  few  of  their  original  engines  were  intended  to  be 
iven  at  more  than  150  revolutions  per  minute.  They  maintained 
at  it  is  more  advantageous  to  run  a  gas  engine  at  a  comparatively 
w  speed,  and  that  the  gain  in  power  obtained  by  increasing  the 
unber  of  revolutions  is  counterbalanced  by  the  wear  and  tear,  and 
e  greater  consumption  of  gas  and  oil.  In  the  modern  motors  the 
dinary  speed  has  been  adopted — namely,  from  250  to  220  revolu- 
>ns  in  the  smaller  sizes,  from  4  to  20  K.P.  Two  vertical  and  two 
^rizontal  engines  were  exhibited  at  Chicago.     They  are  now  made 
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horizontal  only,  of  the  u  sual  type,  and  all  the  valveB  are  worked  b 
cams  on  a  valye  shaft  driven  2  to  1  from  the  crank  shaft.  Th 
speed  is  controlled  by  an  inertia  governor,  acting  by  the  partial  c 
total  sappression  of  gas,  and  can  be  varied  while  the  engine  is  mi 
ning.  It  is  now  constructed  in  sizes  from  4  to  150  H.P.  with  on 
cylinder,  and  up  to  300  H.P.  with  two  cylinders  tandem.  In  som 
of  the  horizontal  types  ignition  is  effected  by  a  lift  valve  driven  b 
a  lever  from  the  roa  working  the  admission  valve,  and  in  engine 
intended  for  driving  dynamos  the  quantities,  both  of  gas  and  air,  ai 
automatically  varied  by  the  governor,  in  accordance  with  the  loac 
As  the  amount  of  air,  as  well  as  of  gas,  is  regulated,  the  quality  doc 
not  vary,  whatever  the  speed,  but  the  mixture  is  more  diluted  b 
the  gases  of  combustion,  and  hence  the  charge  bums  more  slowly, 
the  normal  speed  is  exceeded.  The  consumption  of  a  1 6 ILP.  engine  i 
given  by  the  makers  at  about  22  cubic  feet  of  town  gasper  H.P.  houi 
Drawings  of  the  earlier  type  will  be  found  in  Schottler,  of  the  lat€ 
in  Witz.  Several  thousand  of  these  engines  are  said  to  be  at  worl 
Oapitaine — Theory. — Among  engines  introduced  within  th 
last  ten  years^  an  interesting  and  original  motor  is  the  vertici 
Capitaine.  In  a  paper  communicated  to  the  Verein  detUseht 
IngerUetire  (vol.  xxxiv.  of  the  ZeiUchri/l),  the  inventor,  Hei 
Oapitaine,  maintains  that  the  greater  the  number  of  revolution 
the  better  results  will  be  obtained.  At  the  same  time  he  advance 
the  novel  pointy  that  the  piston  speed  may  be  quite  different  fron 
and  independent  o(  the  speed  of  expansion  of  the  gases.  Thoug 
usually  classed  together,  the  two  are  not  synonymous,  and  the! 
effect  is  by  no  means  the  same.  If  an  engine  be  constructed,  rui 
ning  at  a  certain  speed,  with  a  small  diameter  of  cylinder  and 
long  stroke,  the  speed  of  the  piston  will  be  considerable,  and  th 
speed  of  expansion  relatively  small.  On  the  other  hand,  if  anoth< 
engine,  going  at  the  same  speed,  have  a  short  stroke  and  a  lar^ 
diameter  of  cylinder,  the  piston  speed  will  be  relatively  small,  an 
the  speed  of  expansion  great.  Oombustion,  however,  can  never  I 
instantaneous,  and  therefore  the  speed  of  the  piston  should  Y: 
limited  to  the  rate  of  combustion  of  the  charge.  In  Oapitaine 
opinion,  the  Otto  engine  owes  its  success  partly  to  the  careful! 
designed  ratio  between  combustion  and  the  speed  at  which  th 
gases  expand.  To  every  speed  of  revolution  in  a  gas  engine, 
certain  rate  of  combustion  corresponds.  Hitherto  attempts  t 
increase  the  efficiency  have  been  made  by — 1,  More  or  less  rapi 
combustion ;  2,  Raising  the  temperature  of  the  cylinder  walls ;  < 
More  perfect  expansion  of  the  gases ;  4,  More  complete  expulsion  < 
the  products  of  combustion  ;  5,  Greater  compression.  All  thei 
improvements,  combined  with  a  suitable  rate  of  combustion,  hav 
yielded  good  experimental  results.  To  obtain  greater  economy  in 
gas  engine,  Oapitaine  considers  that  expansion  ought  to  be  moi 
rapid,  and  explosion  practically  instantaneous  ;  the  diameter  of  th 
cylinder  should  be  increased,  and  the  stroke  shortened. 
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The  disadvantages  of  running  at  high  speed  are,  the  wear  and 
tear  of  the  engine,  uncertain  ignition,  incomplete  combustion,  and 
the  vibration.  Against  these  drawbacks  Herr  Oapitaine  sets  the 
gain  of  reduction  in  size  and  cost.  If  an  engine  can  be  made, 
without  overheating,  to  run  at  twice  as  many  revolutions  per 
minute  as  another,  its  dimensions  may  be  smaller,  it  will  be  lighter, 
less  expensive,  and  the  cost  of  transport  lower.  Hitherto,  when 
engines  have  been  tested  at  high  speeds,  no  great  gain  in  economy 
has  been  observed.  Being  constructed  to  run  at  a  given  number  of 
revolutions  per  minute,  and  their  ports  proportioned  to  this  speed, 
and  to  a  given  rate  of  combustion,  they  cannot  be  expected  to  work 
as  efficiently,  when  they  are  driven  at  a  much  higher  speed.  The 
whole  of  the  charge  cannot  reach  the  igniting  chamber  of  the 
cylinder  at  the  moment  of  explosion ;  part  of  it  is  ignited  after- 
wards, and  expands  too  late  to  act  usefully  on  the  piston. 
Oapitaine  found,  when  testing  an  engine  constructed  to  run  at  a 
high  speed,  that,  when  making  320  revolutions  per  minute,  an 
excellent  indicator  diagram  was  obtained.  When  the  speed  was 
increased  to  800  revolutions,  the  efficiency  was  much  lower,  and 
diminished  in  proportion  to  the  increase  of  speed.  The  number  of 
revolutions  should  not  be  in  excess  either  of  the  speed  of  propaga- 
tion of  the  flame,  or  the  development  of  pressure  in  the  gas.* 

Capitaine  Engine. — The  piston  speed  in  feet  per  minute  is  the 
same  in  the  Capitaine  as  in  other  motors,  but  the  number  of  revolu- 
tions, or  speed  of  expansion  of  the  gases,  is  doubled.  It  is  also 
claimed  for  this  engine  that  the  incoming  charge  is  separated 
^m  the  products  of  combustion,  and  not  allowed  to  mingle  with 
them.  The  engine  is  of  the  single-acting  vertical  type ;  a  sectional 
elevation  is  shown  at  Fig.  81.  The  disposition  of  the  valves  and 
working  parts  is  similar  to  that  of  the  Liitzky.  The  cylinder  A  is 
at  the  top,  and  the  piston  P  works  down  upon  the  crank  shaft  K, 
which,  with  the  flywheel,  is  below.  Gas  and  air  are  admitted  from 
above  through  a  double-seated  automatic  lift  valve.  The  air  enters 
at  D,  and  passes  down  into  the  wide  port  through  the  bottom  of  the 
valve  at  c,  the  gas  through  the  upper  seat  at  f.  The  top  and  bottom 
of  the  valve  are  connected  by  a  spring,  «,  and  work  independently. 
Before  passing  into  the  cylinder,  the  gas  and  air  mingle  in  the 
annular  chamber  formed  by  the  valve,  which  imparts  to  them  a 
circular  motion  of  considerable  velocity,  and  then  impinge  against  a 
projection,  ^,  but  the  wide  diameter  of  the  port  is  said  to  check 
their  velocity.  This  is  the  method  employed  to  prevent  the  fresh 
charge  from  mixing  with  the  gases  of  combustion,  which  are  dis- 
charged through  the  exhaust  port  E  at  the  side. 

The  piston  having  drawn  in  the  charge,  the  up  compression  stroke 
drives  it  into  the  hot  ignition  tube  B,  into  which  a  portion  of  the 
incoming  charge  has  already  been  directed.     As  there  is  no  timing 

*  See  on  th«  subject  of  speed  in  gas  engines  the  summary  of  Dr*  Slaby's 
experiments,  in  Appendix  C. 
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Take  the  gases  enter  freely,  and  the  mixture  is  supposed  to  ignite 
more  readily,  because  part  of  it  is  already  in  contact  with  the  hot 
ignition  tube.  The  exhaust  valve  £  is  driven  by  a  rod  from  an 
eccentric,  H,  on  the  crank  shaft.  Above  the  termination  of  this 
rod  is  a  hollow  lever,  into  which  the  projecting  end  of  the  exhaust 
spindle  fits  at  every  revolution.  But  it  is  only  at  every  other 
revolution  that  a  second  lever  is  interposed  between  them,  and  the 
eccentric,  pushing  up  both  levers,  reaches  and  opens  the  exhaust 
valve.  A  drawing  of  the  arrangement  will  be  found  in  Schottler, 
3rd  edition. 

The  ordinary  four-cycle  is  used  in  this  engine.  The  centrifugal 
governor  G  on  the  crank  shaft  acts  through  a  rod,  r,  and  a  catch  on 
the  lever  opening  the  .exhaust.  If  the  speed  be  too  great,  the  balls 
rise  and  draw  the  rod  outwards.  The  knife  edge  of  the  lever  misses 
the  catch,  the  exhaust  valve  remains  open,  and  no  fresh  charge  can 
enter  the  cylinder,  till  the  speed  is  again  reduced  within  normal 
limits.  In  a  trial  on  a  3*36  B.H.P.  engine,  with  a  cylinder 
diameter  of  6*6  inches  and  6 '4  inches  stroke,  and  making  300 
revolutions  per  minute,  27*4  cubic  feet  of  town  gas  were  used  per 
B.H.P.  per  hour.  The  usual  speed  of  the  engine  is  360  revolutions, 
and  it  is  made  both  horizontal  and  vertical,  in  sizes  from  1  to 
20  H.P.,  by  the  firms  of  Grob  &  Co.,  of  Leipzig — Eutritsch, 
and  Swiderski,  also  of  Leipzig.  In  the  Grob  type  the  pendulum 
governor  acts  not  only  by  keeping  the  exhaust  open,  but  by  closing 
the  gas  valve  until  the  normal  speed  is  regained.  The  makers  have 
introduced  a  circulating  water  tank,  to  supply  the  jacket  of  the 
cylinder,  in  which  the  water  is  kept  cool  by  a  small  fan.  The 
engine  has  been  exhibited  at  Chicago,  Erfurt,  Antwerp,  the 
Crystal  Palace  Electric  Exhibition,  <fec.,  but  it  is  now  chiefly 
worked  with  petroleum  (see  Part  II.). 

The  Berlin  Anhaltisohe  Masohinen-Bau  G^sellsohaft  is 
another  well-known  German  firm,  which  has  lately  come  to  the 
front  in  the  construction  of  gas  engines,  both  four-cycle,  and  the 
two-cycle  Oechelhaueser  described  below.  At  the  Berlin  Exhibition 
of  1896  they  showed  a  60  H.P.  horizontal  engine,  with  16*5  inches 
cylinder  diameter  and  27*4  inches  stroke,  and  a  speed  of  158 
revolutions  per  minute.  The  engine  is  of  the  usual  Otto  type,  with 
valve  shaft  geared  2  to  1  to  the  crank  shaft,  carrying  cams  working 
the  gas,  admission,  and  exhaust  valves,  and  a  timing  valve.  The 
hot  tube  is  close  to  the  compression  space,  where  the  mixture  is 
richest.  The  gas  passes  through  a  circular  opening  to  the  admission 
valve,  meets  and  mixes  with  the  air  for  combustion,  and  thence 
to  the  small,  carefully  proportioned  compression  space.  The 
engine  is  started  by  means  of  a  little  vertical  |  H.P.  engine,  filled 
with  compressed  explosive  mixture  from  the  larger  engine  while 
running.  This  motor  carries  a  second  valve  in  the  compression 
space,  through  which  the  compression  chambers  of  the  two  engines 
are  placed  in  communication.     The  ignition  tube  is  shut  off,  and 
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the  larger  cylinder  filled  with  the  compressed  mixture.  As  sooii  as 
it  is  full  the  timing  valve  is  released,  and  the  charge  fired,  ^s 
connection  with  the  auxiliary  engine  is  made  through  an  automatic 
valve,  the  pressure  in  the  larger  cylinder  when  at  work  shuts  it  ofiT, 
and  disconnects  the  two.  The  60  H.P.  engine  is  said  hy  the  makers 
to  develop  76  B.H.P.,  and  to  consume  485  litres  =  17  cubic  feet  of 
town  gas  per  B.H.P.  hour,  with  a  heat  efficiency  per  indicated 
H.  P.  of  3 1  i  per  cent.  In  an  engine  giving  1 4*8  B.H.  P. ,  at  a  speed  of 
198  revolutions  per  minute,  the  consumption,  in  a  trial  by  Professor 
Meyer,  was  17  8  cubic  feet  per  B.H.P.  hour  of  gas  of  560  B.T.U. 
heating  value  per  cubic  foot,  determined  in  a  Junkers  calorimeter. 
These  economical  results  are  attributed  to  the  high  compression 
pressure  of  7^  atmospheres. 

In  some  gas  engines,  especially  in  Germany,  there  is  no  valve 
shaft  with  its  gearing.  The  admission  and  gas  valves  are  usually 
automatic,  and  the  exhaust  is  driven  by  an  eccentric  direct  from  the 
crank  shaft,  some  kind  of  mechanism  being  necessary  to  prevent 
the  valve  opening  at  every  revolution,  instead  of  at  every  other 
revolution.  In  the  Borsig  gas  engine  (Berlin)  this  is  effected  by 
the  vacuum  in  the  cylinder.  A  small  4  H.P.  engine  running  at  300 
revolutions  per  minute  was  exhibited  at  Berlin  in  1896.  In  it  the 
automatic  gas  and  air  admission  valves  are  permanently  connected, 
and  both  are  lifted  by  the  vacuum  in  the  cylinder.  There  is  no 
timing  valve  to  the  ignition  tube.  The  exhaust  is  driven  by  an 
eccentric  through  vibrating  levers  working  in  a  slot.  A  knife 
blade  connects  these  levers  with  the  eccentric-rod  during  the 
exhaust  stroke,  but  when  the  admission  valve  rises,  it  carries  with 
it  the  vibratinff  lever  and  the  exhaust  valve-rod,  the  connection 
with  the  knife  blade  is  missed,  and  not  restored  till  the  pressure 
in  the  cylinder  falls,  and  the  lever  is  lowered.  This  oscillating 
knife  edge  also  regulates  the  speed.  At  each  revolution  of  the 
eccentric  it  is  thrown  up,  and  if  the  normal  speed  is  exceeded,  it 
does  not  regain  its  position  in  time,  and  the  exhaust  valve  remains 
closed  till  the  speed  is  reduced. 

Werdau. — This  is  a  small  gas  engine  of  the  usual  four-cycle 
^JV^f  exhibited  by  the  firm  of  the  same  name  at  the  Saxon 
Exhibition,  1897.  The  gas  valve,  acted  on  by  the  governor,  is 
opened  by  a  cam  on  the  auxiliary  shaft,  driven  2  to  1  from  the 
crank  shaft.  Another  cam  works  an  exhaust  of  the  Otto  type,  and 
a  third  the  admission ;  the  section  of  the  ^a»  admission  pipe  can 
be  regulated  according  to  the  richness  of  the  charge.  The  air 
enters  through  a  circular  opening,  and  is  thoroughly  mixed  with  the 
gas  before  the  two  pass  to  the  cylinder.  The  timing  valve,  worked 
by  a  cam  from  the  auxiliary  shaft,  is  partly  opened  during  the 
admission  stroke,  to  allow  the  burnt  products  in  the  hot  tube 
to  escape.  It  closes  again  during  compression,  and  opens  at  the 
dead  point,  thus  ensuring  a  good  ignition  of  the  charge.  The 
engine   is  either  governed  on   the  *^  hit-and-miss "   principle,  or. 
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if  intended  for  driving  a  dynamo^  by  graduated  admission  of  gas. 
It  is  made  in  sizes  up  to  125  H.P. 

Another  small  gas  engine,  vertical  and  horizontal,  has  been 
brought  out  by  Baldwin  BeohBtein,  of  Altenburg.  It  is  a  slow- 
running  motor  of  the  ordinary  four-cycle  type,  and  carries  a  slicle 
valve  for  admitting  the  gas  and  air,  and  a  flame  for  igniting  the 
charge,  worked  by  wheels  2  to  1,  and  a  rod,  from  the  crank  shaft. 
The  governor  acts  on  the  gas  valve,  and  regulates  the  supply 
according  to  the  load ;  the  exhaust  is  driven  from  an  auxiliary 
shaft.  Another  type  has  valves  driven  by  gearing  and  hot-tube 
ignition;  in  most  respects  the  engine  resembles  the  Otto.  It  is 
made  in  sizes  from  1  to  20  H.F.,  and  runs  at  180  to  160  revolutions 
per  minute. 

The  Saohsenbiirger  Masohinen  Fabrik  also  make  four-cycle 
motors  from  ^  to  50  B.H.F.,  both  horizontal  and  vertical.  A  two- 
evcle  engine  constructed  by  them  does  not  appear  to  be  yet  in  the 
market  Like  the  Gnome,  the  Sachsenburger  engines  are  more 
specially  intended  for  use  with  oil.  The  same  may  be  said  of  the 
small  four-cycle  engine  made  by  Januschek  at  Schweidnitz, 
Silesia.  For  lighting  gas,  it  is  in  sizes  from  1  to  7  H.F.  vertical, 
and  2  to  16  H.F.  borizonUl. 

The  engine  made  by  Seek,  of  Oberursel,  and  known  as  the 
**  Qnome/*  is  also  chiefly  intended  for  use  with  petroleum,  and  a 
description  will  be  found  in  the  Oil  Engine  Section.  As  a  gas 
motor,  it  is  made  from  1  to  15  H.F.  vertical  only,  and  runs  at 
400  to  250  revolutions  per  minute. 

Oeohelhaueser. — The  sudden  demand  for  large  power  engines, 
and  the  application  of  high  furnace  gases  to  drive  them,  have 
brought  this  striking  motor  to  the  front.  So  far  rs  the  writer  is 
aware,  it  has  not  hitherto  been  used  with  any  other  power  agent. 
In  some  respects  it  resembles  the  first  Atkinson  engine,  known  as 
the  Differential.  The  latter  had  not  an  air  pump,  like  the 
Oechelhaueser,  but  in  both  motors  valve  gear  is  practically  dis- 
pensed with.  As  hitherto  made,  the  Oeohelhaueser  has  one 
long  cylinder  with  two  pistons,  performing  between  them  the 
functions  of  admission  and  compression,  of  the  charge,  and  dis- 
charge of  the  exhaust  gases.  The  usual  valves  driven  from  an 
auxiliary  shaft  are  replaced  by  ports,  uncovered  and  shut  off"  by 
the  pistons  during  their  stroke.  The  double-acting  air  pump  on 
the  same  axis  as  the  motor  cylinder  is  worked  from  the  back 
crosshead. 

Fig.  82  gives  a  plan  of  the  engine,  and  illustrates  the  action. 
a  is  the  air  pump,  K^  and  K^  the  two  motor  pistons,  both  working 
in  the  cylinder  in  opposite  directions  on  to  the  same  crank  shaft, 
through  three  cranks  180**  apart.  Beginning  with  the  point  in  the 
stroke,  where  the  two  pistons  are  almost  close  together,  the 
charge  of  gas  and  air  between  them  is  compressed  within  very 
small  limits  to  a  pressure  of  8  or  10  atmospheres  above  atmos- 
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pheric  pressure.  Electric  ignition  follows,  and  the  two  pistons 
are  driven  apart  by  the  pressure  of  explosion,  which  is  in 
proportion  to  the  heating  value  of  the  gas  used.  Work  is  thus 
done  by  both  pistons  on  the  crank  (double  motor  stroke).  Mean- 
while the  piston  of  the  air  pump  G  has  drawn  in  fresh  air  through 
the  opening  S,  and  the  return  stroke  of  this  piston  compresses 
it  on  its  front  face,  and  passes  it  at  a  slight  pressure  through  D 
and  the  air  chamber  R  into  the  compression  space.  On  the  back 
face  of  this  piston  another  series  of  operations  are  simultan- 
eously carried  out.  Here  a  mixture  of  gas  and  air  is  drawn  in 
through  N,  and  compressed  by  the  pump  piston  through  O  into 
the  mixing  chamber  P,  which  it  enters  at  the  same  pressure  as 
the  air  in  R.  Piston  K^  having  passed  the  outer  dead  point  of  the 
centre  crank,  now  begins  to  uncover  the  exhaust  ports  0^  and  the 
products  of  combustion  are  driven  out.  Piston  K^  next  uncovers 
the  air  port  A,  and  the  air  under  pressure  rushes  from  R  into 
the  motor  cylinder,  sweeping  out  the  burnt  products  before  it,  and 
forming  an  efiPective  scavenger  charge.  The  admission  port  Q 
is  then  uncovered  by  piston  K^,  and  the  charge  of  slightly  com- 
pressed gas  and  air  enter  the  motor  cylinder.  The  makers  of  the 
engine  assert  that  none  of  this  fresh  charge  escapes  through  the 
exhaust  with  the  scavenger  blast  of  air,  because  the  volume  of  the 
cylinder  is  so  proportioned  that,  even  when  running  at  maximum 
load  and  power,  the  charge  only  occupies  about  70  per  cent.  Both 
motor  pistons  now  begin  the  return  stroke,  the  mixture  is 
compressed  between  them,  and  the  cycle  recommences. 

If  there  are  only  slight  variations  in  the  speed,  the  governor  acts 
upon  the  relative  proportions  of  gas  and  air ;  if  the  speed  is  varied 
within  wider  limits,  it  regulates  the  quantity  of  the  charge  through 
the  mixing  valve  cock  H  and  the  return  slide  valve  Y  in  the  pas- 
sage L.  Part  of  the  compressed  charge  passes  from  O  into  the 
suction  pipe  N,  and  is  thence  transferred  to  the  other  side  of  the 
pump,  instead  of  passing,  as  usual,  to  the  motor  cylinder. 

The  advantages  of  this  cycle  are,  that  a  motor  stroke  is  obtained 
at  each  revolution,  instead  of  at  every  two  revolutions,  as  usual,  and 
as  this  is  effected  by  two  working  pistons,  the  power  is  said  to  be 
increased  fourfold.  No  difficulty  is  caused  by  having  two  cylinders, 
motor  and  pump,  because  for  the  large  powers  required  in  high 
furnace  work  two  cylinders  are  nearly  always  necessary.  Admis- 
sion and  exhaust  are  effected  in  one  stroke  instead  of  in  two  separate 
strokes,  and  the  cylinder  dimensions  are  smaller  for  the  same  power 
than  in  the  four-cycle  type.  Thus  a  1000  H.P.  single-cylinder 
Oechelhaueser  has  a  cylinder  diameter  of  only  36*8  inches  »  935  mm. 
For  particulars  of  the  application  of  this  engine  to  high  furnace 
gases  see  Chapter  xii. 

Austrian  Engines — Banki. — This  engine  is  made  on  the  Banki 
and  Csonka  system  by  Ganz  &  Oie.,  of  Buda-Pesth,  and  is  much  used 
in  Austria,  especially  when  driven  with  oil,  for  agricultural  and 
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Other  industrial  parposes.  Several  motors  were  shown  at  the 
Buda-Pesth  Exhibition  in  1896.  The  gas  engines  are  of  the  ordi- 
nary four-cycle  type,  chiefly  vertical,  though  a  small  horizontal 
3  B.H.P.  motor  is  also  made.  For  driving  dynamos  for  electric 
lighting  the  speed  is  regulated  by  means  of  the  governor  acting, 
through  a  cam  on  the  valve  shaft,  on  a  throttle  valve.  The  sections 
of  the  gas  and  air  pii)es  cannot  be  altered.  The  composition  of  the 
charge,  therefore,  always  remains  the  same,  but  the  quantity  pass- 
ing to  the  cylinder  is  varied.  The  throttle  valve  is  placed  in  front 
of  the  mixing  valve,  in  a  two-cylinder  engine  a  single  valve  serves 
both  cylinders.  The  particular  shape  to  be  given  to  the  four  wings 
of  this  valve  was  determined  after  various  tests,  the  object  being  to 
proportion  the  duty  of  the  engine  to  the  requirements  of  the  gover- 
nor. In  another  type  the  inertia  governor  is  on  the  valve  shaft 
If  the  normal  speed  is  exceeded,  a  knife-blade  catches  the  exhaust 
valve  lever  and  keeps  it  open,  while  the  admission  valve  is  so  con- 
nected to  it  that  the  latter  is  held  closed  at  the  same  time.  All  the 
valves  of  this  engine  are  driven  by  gearing  from  a  cam  shaft,  and 
ignition  is  by  hot  tube  with  a  timing  valve.  It  is  made  horizontal 
only  for  lighting  gas  in  sizes  from  2  to  16  H.  P. 

The  B&nki  Gas  Hammer  has  also  attained  a  considerable  re- 
putation abroad.  This  useful  little  instrument,  which  resembles  the 
Tangye,  has  several  advantages  over  steam,  the  chief  of  these  being 
that  it  requires  neither  steam  nor  transmission  gear,  and  can  be 
started  in  a  few  minutes.  It  is  especially  intended  for  very  small 
powers.  As  made  by  B4nki,  the  hammer  is  coupled  to  a  small  gas 
or  oil  engine.  The  explosion  chamber  of  the  latter  is  placed  in 
communication  with  the  top  of  the  hammer,  and  drives  it  down  by 
the  expansive  force  of  the  exhaust  gases.  Thus  the  cost  of  working 
the  hammer  is  reduced  to  a  minimum,  as  the  engine  consumes  very 
little  more  gas  or  oil,  whether  working  the  hammer  or  not.  An 
8  H.P.  engine,  running  at  from  260  to  200  revolutions  per  minute, 
has  a  cylinder  diameter  of  8*6  inches,  with  12*6  inches  stroke.  The 
diameter  of  the  cylinder  containing  the  hammer  is  5*9  inches,  with 
a  maximum  stroke  of  13*7  inches,  and  delivers  from  150  to  200 
blows  per  minute. 

Iiangen  and  Wolf,  of  Vienna  and  Buda-Pesth,  make  engines  of 
the  ordinary  four-cycle  Otto  type,  with  lift  valves  and  hot- tube 
ignition.  They  claim  to  construct  the  '*  original  Otto  "  engine  with 
various  improvements.  Motors  intended  for  driving  dynamos  are 
governed  by  varying  the  supply  of  gas.  They  are  made  horizontal 
only  in  sizes  from  1  to  125  H.P.  with  one  cylinder,  and  up  to  160 
H.P.  with  two  cylinders,  and  are  also  adapted  for  use  with  power 
gas. 

In  the  engine  constructed  by  Folke,  of  Vienna,  there  is  no  slide 
valve,  nor  cam  shaft  with  its  gearing  wheels,  hence  all  the  valve 
gear  is  much  simplified.  Ignition  is  by  a  hot  tube  open  to  the 
cylinder.     The  admission  and  exhaust  valves  are  worked  from  the 
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crank  abaft  by  cams  in  a  slotted  groovA,  so  arranged  that  each  cam 
only  lifts  the  corresponding  valve  once  in  every  two  revolutions. 
In  other  respects  the  engine  is  of  the  ordinair  four-cycle  type.  It 
is  made  horizontal  only  in  sizes  from  }  to  50  H.P.,  and  runs  at  180 
to  140  revolutions  per  minute.  An  engine  was  shown  at  Brussels 
in  1897. 

Swiss  Engines. — ^The  most  important  firm  now  constructing 
engines  in  Switzerland  is  the  Sohweiserisohe  Masohinen 
Fabrik,  at  Winterthur,  who  exhibited  several  gas  and  oil 
engines  at  Geneva  in  1896.  They  were  all  of  the  usual  four- 
cjcle  type,  with  valves  driven  by  gearing  from  the  crank  shaft 
through  a  counter  shaft  2  to  1.  This  firm  constructs  the  Kjelsberg 
engine,  also  made  by  Nobel,  at  St.  Petersburg.  In  most  of  their 
motors  the  gas  valve  is  placed  behind  the  valve  admitting  the 
charge  to  the  cylinder,  and  is  so  connected  by  levers  to  the  inertia 
governor  that,  if  the  normal  speed  is  exceeded,  the  revolving  mass 
of  the  governor  strikes  against  a  projection,  and  the  valve  does  not 
rise.  If  the  engine  be  required  to  drive  a  dynamo,  the  speed  is 
regulated  by  the  governor  acting  on  a  graduated  cam,  and  varying 
the  richness  of  the  charge.  A  «')0  U.P.  engine  has  been  contructed 
for  use  with  power  gas,  the  Dowson  system  being  generally 
adopted  in  Germany  and  Switzerland.  In  this  motor  the  timing 
valve  to  the  hot  tube,  the  exhaust,  and  the  starting  gear  are  worked 
by  cams  from  the  valve  shaft,  the  admission  of  gas  and  air  by  an 
eccentric  on  the  same  shaft.  The  governor  acts  upon  this  eccentric, 
and  cuts  off  the  admission  earlier  or  later,  according  to  the  speed. 
The  engine  is  started  by  compressed  air  introduced  into  the 
cylinder  from  a  separate  air  reservoir,  the  exhaust  being  held  open 
by  a  special  cam  shifted  or  brought  into  play  by  a  handle.  The 
smaller  sizes  of  engine  made  by  this  firm  have  no  timing  valve,  in 
the  larger  electric  ignition  is  used.  They  are  made  vertical  from  2 
to  6  H.P.,  and  run  at  200  to  160  revolutiouR  per  minute ;  above 
this  size  horizontal  only,  up  to  120  H.P.,  with  one  cylinder,  and 
a  speed  of  180  to  160  revolutions,  and  with  two  cylinders  up  to 
200  H.P.,  for  use  with  power  gas.  The  firm  make  gas  producers 
on  the  Dowson  system,  fired  with  anthracite  or  coke,  one  of  which 
was  shown  at  Geneva.  In  a  trial  made  in  1898  on  an  engine 
developing  61  B.H.P.,  the  consumption  of  Belgian  anthracite  was 
1  lb.  per  B.H.P.  hour,  including  the  fuel  for  the  boiler.  The  speed 
of  the  engine  was  170  revolutions  per  minute,  and  the  governor 
acted  by  varying  the  composition  of  the  charge. 

MM.  Martini,  of  Frauenfeld,  make  both  oil  and  gas  engine  of 
the  Otto  type,  horizontal  only,  with  hot-tube  ignition,  the  speed  is 
regulated  by  the  governor  acting  on  the  exhaust.  A  small  gas 
engine  was  exhibited  at  Geneva  in  1896,  in  which  the  vertical  valve 
shaft  was  at  right  angles  to  the  axis  of  the  crank  shaft,  from  which 
it  was  driven  by  wheels  2  to  1.  A  cam  on  this  shaft  worked  the 
gas  valve  through  a  rod,  and  if  the  normal  speed  was  exceeded  the 
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ball  governor  on  the  top  of  the  shaft  shifted  the  rod,  and  the  valTe 
was  not  opened.  The  admission  valve  was  automatic,  the  exhaust 
driven  from  an  eccentric,  and  the  products  of  combustion  were  dis- 
charged through  the  base. 

Gas  engines  of  the  ordinary  four-cycle  type  are  also  made  by  MM. 
Esoher,  Wyes  As  Cie.,  of  Zurich. 

A  small  vertical  engine  of  the  Capitaine  type,  four-cycle,  was 
shown  by  Weber ,  of  Zurich,  at  the  Geneva  Exhibition.  A  similar 
engine,  made  by  Schmid,  of  Zurich,  carries  a  horizontal  valve 
shaft,  driven  from  the  crank  shaft  in  the  usual  way.  The  gas, 
admission,  and  exhaust  valves  are  worked  by  cams  firom  this  shaft. 


CHAPTER     X. 
GAS  PRODUCTION  FOR  MOTIVE  POWER. 

Contents. —Gaaeous  Fuel— Natural  Gaa— Coal  Gas— Distillation— <)ombiiB- 
tion — Water  Gas— History — Dellwik  System — Gas  Producers— Bischof— 
Thomas  and  Laurent — Kirkham — Siemens — Pascal— Tessi^  du  Motay— 
Strong — Lowe. 

The  first  attempts  to  produce  gas  from  coal  were  made  as  an 
experiment  to  obtain  light,  without  any  intention  of  utilising 
it  as  a  motive  force.  The  process  of  extraction  was  too  costly 
for  the  gas  to  be  employed  to  drive  the  motors  invented  at  the 
beginning  of  the  century,  and  many  were  the  devices  described 
by  the  patentees,  to  obtain  a  suitable  explosive  gas.  In  one  of 
the  earliest  gas  engines,  brought  out  by  Street  in  1794,  he  pro- 
posed to  generate  a  gas  to  act  on  a  piston  by  sprinkling  a  few 
drops  of  petroleum  or  turpentine  on  the  bottom  of  a  cylinder 
kept  at  a  red  heat.  The  liquid  was  evaporated,  exploded,  and 
drove  up  the  piston.  Barber  obtained  gas  for  driving  his  engine 
by  heating  coal,  wood,  &c.,  in  a  retort,  according  to  the  method 
now  practised  in  gas  works.  The  process  of  making  gas  was  in  its 
infancy,  carried  out  only  in  large  towns  and  cities,  and  there  was 
much  prejudice  against  it  It  was  also  very  dear.  Practically  in 
those  days  there  was  no  gas  to  be  had,  and  it  was  impossible  to 
produce  it  cheaply,  for  driving  small  motors. 

GkMeous  FueL — As  a  fuel,  however,  coal  gas  was  used  long 
before  its  advantages  as  a  motive  force  were  perceived.  During 
the  first  half  of  the  century,  as  soon  as  the  great  value  of  steam 
was  recognised,  the  economical  use  of  coal  became  an  important 
question.  Without  fuel,  steam  could  not  be  generated,  but 
although  this  is  still  usually  done  by  burning  coal  under  a  boiler, 
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it  has  long  been  known  that  it  is  rather  wasteful.  It  is  difficuU 
bj  direct  combustion  to  obtain  temperatures  as  high  as  when 
gases  previously  extracted  from  the  fuel  are  burnt.  For  chemical 
purposes,  where  great  heat  is  required,  gaseous  fuel  has  been  in 
use  for  many  years.  Cheap  gas,  made  in  producers  or  generators, 
is  now  extensively  employed  in  the  manufacture  of  iron  and  steel, 
and  other  metallurgical  processes,  as  being  better  and  cheaper 
than  burning  the  coal  itself.  A  fresh  stimulus  was  given  to  its 
production  as  soon  as  gas  engines  began  to  attract  public  notice 
and  flavour.  It  was  seen  that  the  maximum  economy  in  driving 
them  could  never  be  attained  as  long  as  they  were  worked  with 
town  gas,  and  inventors  have  for  nearly  a  quarter  of  a  century 
laboured  to  produce  a  cheaper  and  equally  efficient  gas. 

There  are  many  ways  of  extracting  gas  from  fueL  The  com- 
position of  different  gases  will  be  found  in  Chapter  xiv.,  and 
it  is  only  necessary  here  to  mention,  without  going  into  details, 
the  methods  by  which  it  is  obtained.  These  consisb  in  bringing 
together,  with  or  without  combustion,  the  oheuiical  constituents 
of  the  coal  and  air,  carbon,  oxygen,  hydrogen,  and  their  com- 
pounds. If  the  hot  fuel  is  moistened  with  water  or  steam,  the 
quantity  of  hydrogen  is  increased ;  if  air  be  introduced,  a  much 
greater  amount  of  oxygen  is  added.  In  either  case  the  carbon  in 
the  fuel  unites  with  the  oxygen  of  the  air  or  of  the  water,  and 
more  carbonic  oxide  ia  produced  than  when  the  gas  is  formed 
from  the  chemical  elements  contained  in  the  coal  only.  If  the 
fuel  is  burnt  in  a  closed  vessel,  and  steam  added  and  evaporated, 
the  gas  produced  is  richer  in  hydrogen  than  if  air  is  admitted 
When  air  is  introduced,  the  same  process  takes  place,  but  instead 
of  hydrogen  being  liberated,  there  is  a  large  residuum  of  inert  and 
useless  nitrogen. 

Graseous  fuel  may  be  divided  into  six  classes,  namely  : — I. 
Natural  gas.  II.  Oil  gas,  obtained  from  petroleum,  vegetable  oil 
and  refuse,  shale,  fat,  resin,  <bc.  III.  Oarburetted  air,  or  air 
saturated  with  volatile  spirit.  IV.  Gas  extracted  from  coal, 
vood,  peat,  and  other  varieties  of  fuel,  either  by  distillation,  or 
with  the  addition  of  air  or  water.  In  the  latter  case  it  is  called 
power  gas,  water  gas,  or  producer  gas.  Y.  Blast  furnace  gases,  or 
gases  generated  during  the  production  of  pig  iron  from  iron  ore. 
VL  Ooke  oven  gases,  or  gases  given  off  from  coal  when  con- 
verted into  coke  for  these  furnaces.  We  will  now  proceed  to 
coQsider  generally  the  first  four  methods  of  gas-maklag ;  the  two 
last  have  lately  assumed  such  importance  that  their  applications 
are  treated  in  a  separate  chapter  (Ohap.  XII.). 

I.  Natural  Gas. — ^The  process  of  generating  gas  from  coal,  or 
from  the  vegetable  substance  which  forms  the  basis  of  coal,  is 
carried  on  by  Nature  as  well  as  by  man,  though  on  an  infinitely 
larger  and  more  gradual  scale.  The  gas  is  produced  by  the  heat 
of  the  earth  and  the  slow  combustion  of  chemical  decomposition. 
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Gases  exhaled  from  swamps  and  commonly  known  as  **  will  o* 
the  wisp  "  or  marsh  gas,  are  only  a  variety  of  lighting  gas,  which 
when  artificially  produced  contains  about  40  per  cent  of  marsh 
gas.  As  the  decaying  vegetation  of  swamps,  bogs,  and  forests 
nndergoes  further  decomposition  or  slow  combustion,  a  fresh  layer 
of  soil  is  formed  over  it,  and  it  passes  very  gradually  during 
ages  of  time  through  the  stages  of  peat,  lignite,  brown  coal,  and 
eventually  to  coal.  Time,  the  earth's  heat,  decomposition  and 
oxidation,  and  pressure,  frequently  cause  the  escape  into  the 
atmosphere  of  the  gases  thus  generated.  Of  this  the  disastrous 
explosions  in  mines  afford  an  example.  Marsh  gas  (usually 
termed  '*  fire  damp  "  or  *'  choke  damp  *')  distilled,  so  to  speak, 
from  coal,  and  at  a  high  pressure,  and  carbonic  oxide,  are  liberated 
by  excavation,  and  rush  into  the  mine  workings,  often  with  fatal 
consequences.  When  the  gases  find  a  natural  outlet  at  the  surfince 
through  fissures  in  the  ground,  as  in  many  places  in  the  United 
States,  and  in  Russia  along  the  shores  of  the  Caspian  Sea,  they 
are  given  off  from  the  earth  harmlessly.  This  natural  gas,  con- 
sisting almost  entirely  of  marsh  gas,  is  of  excellent  quality  for 
lighting  and  heating  purposes,  and  contains  more  heat  than  arti- 
ficially made  gas.  Formerly  it  was  allowed  to  escape  to  waste, 
but  it  is  now  partially  utilised,  and  furnishes  much  of  the  lighting 
gas  used  in  several  towns  of  the  United  States,  and  is  also 
employed  to  drive  gas  engines.      For  its  composition,  see  Table, 

f.  252.  Two  trials  on  a  three-cylinder,  vertical,  four-cycle  90 
.H.P.  engine  at  La&yette,  U.S.,  will  be  found  in  the  Tables. 
The  consumption  of  natural  gas  was  about  13  cubic  feet  per 
I.H.P.  hour. 

II.  and  III.  The  methods  of  producing  gas  from  oil,  and  of 
charging  air  with  petroleum  spirit  (carburetted  air),  will  be 
described  in  the  second  part  of  this  work. 

lY.  Coal  Gas. — The  gas  used  for  lighting  and  heating  is 
extracted  from  coal  in  two  ways,  either  by — 

1.  Distillation,  or  the  application  of  external  heat  to  the  coal. 

2.  Combustion,  or  actual  ignition  of  the  coal. 

Distillation  produces  a  much  richer  gas,  and  is  the  process 
universally  used  in  gas  works.  The  cheaper  and  inferior  kinds 
of  gas,  such  as  water  or  producer  gas,  are  obtained  from  com- 
bustion. These  are  employed  as  fuel  instead  of  coal,  and  to 
drive  gas  engines.  Professor  Witz  draws  a  further  distinction 
between  hot  and  cold  distillation  ;  the  latter  is  chiefly  employed 
for  carburetted  air. 

1.  Distillation  of  Coal. — The  earliest  method  of  obtaining  gas 
from  coal,  first  practised  by  Murdoch,  was  to  heat  the  coal  in 
closed  retorts,  and  distil  the  gas  from  it.  By  this  process  the  gases 
are  given  off,  leaving  a  residuum  of  coke,  &c.  As  the  air  is  care- 
fully excluded,  the  distilled  products  contain  practically  no  gases 
except  those  already  in  the  coal.     Roughly  speaking,  two-thirds 
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of  the  constituents  are  hydrogen,  carbon,  and  their  combinations. 
It  is  only  of  late  years,  since  gas  motors  have  been  made  for  Urger 
powers,  that  the  need  of  a  cheap  substitute  for  this  distilled  or 
town  gas  has  been  felt.  As  long  as  it  was  required  only  for 
illumination,  the  quantity  used  by  each  consumer  was  too  small 
to  make  economy  of  production  a  relatively  important  question. 
As  Car  as  the  heating  value  of  town  gas  is  concerned,  it  is  well 
suited  for  driving  a  motor,  but  it  is  unnecessarily  pure  for  this 
purpose,  and  the  price  per  1000  cubic  feet  is  relatively  great. 
To  produce  town  gas  separately  for  driving  small  motors  is,  of 
course,  impracticable,  on  account  of  the  cost  of  production,  Ac. 
For  some  time,  therefore,  much  attention  has  been  paid  to  the 
production  of  a  cheaper  gas,  less  pure,  but  not  liable  to  deposit 
carbon  in  the  passages  and  ports  of  a  motor. 

2.  Combustion  of  Coal. — The  second  method  of  manufacturing 
gas  is  by  burning  the  coal,  and  three  processes  are  employed,  eadi 
producing  a  different  kind  of  gas.  In  all  of  them,  ordinary  atmos- 
pheric air  is  required  to  assist  combustion. 

In  the  first  process  a  forced  air  blast  is  used.  The  gases  are  rapidly 
generated  by  driving  a  current  of  air  through  the  glowing  coal,  and 
combustion  is  thus  stimulated.  This  furnishes  what  is  called  pro- 
ducer gas,  and  sometimes  Siemens'  gas,  because  it  was  first  intro- 
duced by  Sir  William  Siemens,  as  a  fuel  or  substitute  for  solid 
coaJ.  This  gas  is  often  used  for  heating  purposes,  but  is  not  rich 
enough  by  itself  to  drive  a  gas  motor. 

In  the  next  kind,  known  as  wat^r  gas»  the  method  followed  is 
also  to  bum  the  coal  or  coke,  and  when  it  is  in  a  state  of  incan- 
descence a  jet  of  steam  is  injected  into  it.  As  a  rule,  water  gas 
and  producer  gas  are  made  alternately  in  the  same  apparatus.  The 
third  system  is  a  combination  of  the  two  methods.  Instead  of. 
alternately  injecting  steam  and  air  into  the  mass  of  incandescent  v 
fuel,  both  are  admitted  together  and  simultaneously.  The  jet  of 
steam  carries  with  it  into  the  fuel  a  current  of  air  duly  proportioned, 
and  the  gas,  though  poorer  in  quality,  can  be  made  continuously. 
There  are  now  several  applications  of  this  system.  It  was  first 
brought  out  and  patented  in  England  about  1878-79,  by  Mr.  J.  £. 
Dowson,  and  the  value  of  his  gas  for  driving  motors  is  now  fully 
recognised.  About  the  year  1887,  another  method  was  introduced 
in  France  by  M.  Lencauchez,  and  is  described  further  on.  Engines  ^ 
driven  with  this  gas  give  from  10  to  20  per  cent,  less  power  for  the 
same  cylinder  dimensions  than  when  worked  with  lighting  gas. 

These  three  last  kinds  of  gas,  producer,  water,  and  power  gas, 
are  usually  made  from  anthracite  or  gas  coke.  If  ordinary  coal  is 
used,  the  tar,  ammonia,  and  other  residual  products  are  rather 
difiicult  to  get  rid  of.  Efforts  are  now,  however,  being  made  to 
utilise  ordinary  coal,  and  some  of  the  modern  producers  make  gas 
from  poor,  and  even  from  bituminous,  coal.  A  distinguishing 
characteristic  of  these  gases  is  that  they  contain  a  much  larger 
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quantity  of  carbonic  oxide  than  lighting  gas.  Carbonic  oxide  is 
highly  poisonous,  but  has  no  smell,  and  care  is  needed,  in  using  it, 
to  prevent  any  escape. 

Water  Gas  consists  in  theory  of  about  equal  parts  by  volume 
of  carbonic  oxide  and  hydrogen — ^namely,  50  per  cent.  H  and 
50  per  cent.  CO,  or  by  weight  6-67  per  cent.  H  and  93-33  per 
cent.  CO.  If  the  temperature  be  allowed  to  &11  during  the  process 
of  gas  making,  COj  will  be  formed.  The  gas  is  of  great  heating 
value,  because  of  its  large  percentage  of  hydrogen.  According  to 
Naumann  lighting  gas  contains  only  from  20  to  30  per  cent,  of  the 
heat  of  the  carbon  in  the  coal  from  which  it  is  made,  producer  gas 
70  per  cent,  while  water  gas  contains  92  per  cent.  It  is,  therefore, 
especially  suitable  for  motive  power,  and  when  the  difficulties  of 
using  it  are  overcome,  it  will  probably  be  much  employed  for  this 
purpose.  When  burnt  it  generates  half  as  much  heat  as  lighting 
gas,  though  costing  very  much  less,  and  four  times  as  much  tLs 
producer  gas,  and  it  is  not  susceptible  to  cold  or  changes  of  pressure. 
The  carburation  of  water  gas  is  one  of  the  latest  developments  in 
this  branch  of  science.  Sometimes,  as  in  America  and  England,  oil 
vapour  is  added  to  it,  and  the  mixture  is  then  combined  with  lighting 
gas.  In  Germany,  France,  and  Belgium  the  same  result  is  produced 
with  benzol,  a  product  obtained  by  distillation  from  bituminous  coal. 

In  making  water  gas  there  are  two  successive  stages.  During 
the  first,  hot  air  is  blown  into  the  furnace  to  stimulate  combustion ; 
during  the  second,  steam  is  passed  through  the  column  of  coal  or 
coke,  previously  brought  by  the  air  blast  to  a  state  of  incandescence. 
While  the  water  gas  is  being  made,  its  composition  is  analysed 
fr^m  time  to  time,  and,  as  soon  as  the  percentage  of  00^  (of  which 
there  sbould  be  very  little)  exceeds  a  certain  limit,  gas  making  is 
stopped,  and  hot  air  again  blown  in.  The  plants  are  worked  inter- 
mittently or  continuously,  and  the  gas  made  either  in  retorts,  or 
by  actual  combustion  in  a  generator ;  the  latter  is  the  more  modern 
system.  Anthracite,  gas  coke,  or  charcoal  are  used  in  the  gener- 
ators, and  a  high  temperature  ia  essential,  as  shown  by  the  following 
table  of  experiments  by  Dr.  Bnnte  (summarised  from  Greitel, 
Das  Wa89&rg(Uf  Ac,  p.  15): — 

Table  of  Volume  of  Gases  at  Different  Furnace  Temperatures. 


Mean  Temperature. 

Compoflition  of  Water  Oas  Produced. 

Steam. 

Hydrogen, 
H. 

Carbonic 
Oxide,  CO. 

Carbonic 
Add.  CO,. 

Deoompoeed. 

Not 
Decomposed. 

Degrees  a 

674 

861 

1125 

percent. 
66-2 
59-9 
50-9 

per  cent. 

4-9 

181 

48-5 

per  cent. 

29-8 

21-9 

0-6 

percent. 

8-8 

48*2 

99-4 

percent. 

91-2 

61-8 

0-6 
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Thus  the  higher  the  temperature  in  the  generator,  the  better  the 
quality,  and  larger  the  quantity  of  water  gas  produced. 

The  discovery  of  water  gas  is  usually  attributed  to  Fontana,  in 
the  middle  of  the  last  century,  but  the  first  working  apparatus  was 
invented  by  Donovan,  in  Dublin,  in  1830.  Carburetted  water  gas — 
that  is,  gas  into  which  schist  oil  or  tar  was  injected  to  render  it 
luminous — was  introduced  by  Jobard  and  improved  by  Selligues  in 
1834.  From  this  time  numerous  patents  were  taken  out  in  England 
and  abroad.  The  gas  was  used  for  furnaces,  but  does  not  seem  to 
have  been  applied  to  give  light  until  1865,  at  Narbonne,  where  it 
was  manufactured  by  direct  combustion  in  a  furnace,  instead  of  by 
distillation  in  a  retort.  The  combustion  of  the  fuel  having  first 
been  stimulated  by  an  air  blast,  steam  was  admitted  until  the 
temperature  fell  too  low  to  make  water  gas,  when  air  was  again 
blown  in.  This  intermittent  process  is  known  as  the  "  blow  and 
run"  principle.  In  1888  there  were  in  Europe  24  water-gas 
generators,  chiefly  for  non-luminous  gas.  At  present  about  two- 
thirds  of  the  gas  works  in  America  are  said  to  produce  water  gas 
firom  nearly  300  generators,  and  it  is  increasingly  used  in  England. 
Its  carburation  by  means  of  naphtha  has  been  applied  to  the 
improved  Tessi^  du  Motay- Wilkinson  system  in  the  Municipal 
Works  at  New  York,  and  adso  to  the  Lowe  process.  These  are  the 
two  types  most  used  in  America,  although  many  others  have  been 
introduced.  For  further  particulars  as  to  the  manufacture  of  water 
gas  the  original  paper  of  Herr  Geitel,  Dcu  Wctssergcu  und  seine 
Venoendung  in  der  Technik^  should  be  consulted.  In  this  valuable 
treatise  58  producers  are  described,  about  40  being  illustrated  with 
good  drawings. 

The  main  difficulty  which  long  stood  in  the  way  of  utilising 
water  gas  to  any  large  extent  was  the  simultaneous  production  of 
four  times  its  amount  of  producer  gas,  necessitated  by  the  process 
of  manufacture.  The  problem  how  to  get  rid  of  the  latter  has  been 
solved  by  carburating  the  water  gas  with  oil  vapour.  The  producer 
gas  is  led  off  into  superheating  chambers  and  burnt,  and  the  heat 
thus  furnished  decomposes  the  oil  by  "cracking"  it.  Thus  the 
process  of  water-gas  manufacture  now  forms  almost  a  perfect  cycle 
of  heat,  as  exemplified  in  the  Lowe  system,  and  still  more  completely 
in  the  Dellwik.  If  the  gas  is  made  intermittently,  the  large 
quantity  of  CO  generated  during  the  "  blowing  "  process,  owing  to 
the  deep  layer  of  fuel  and  small  quantity  of  air  forced  through  it, 
causes  a  great  loss  of  heat.  In  burning  1  lb.  of  carbon  to  CO,  2400 
calories  are  liberated,  while  if  it  be  burnt  to  COg,  8080  calories 
will  be  evolved,  or  3*3  times  as  much  heat  If  producer  gas  con- 
taining a  large  proportion  of  CO  be  used  to  heat  a  vaporiser,  and 
generate  oil  vapour,  this  heat  will  be  utilised,  but  with  non- 
earburetted  water  gas  it  is  wasted. 

The  Dellwik  System  meets  this  difficulty.     In  it  COj,  instead 
of  CO,  is  generated  in  the  producer,  and  practically  there  is  no 
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producer  gM  m  a  bj»*prodact  A  much  larger  quantity  of  hot  air 
is  blown  in  at  high  preaaure,  and  the  layer  of  combustible  kept  very 
thin,  with  the  result  that  only  the  ordinary  products  of  combustion, 
CO)  and  N,  both  inert  gases,  are  generated  and  discharged.  As 
combustion  is  more  complete,  steam  can  be  admitted  and  water  gas 
produced  for  a  much  longer,  and  air  blown  in  for  a  much  shorter 
time,  than  with  the  ordmary  system.  Usually  water  gas  is  pro- 
duced for  about  15  minutes  per  hour,  and  hot  air  blown  in  for  4& 
minutes.  In  the  Dellwik  process  the  proportions  are  reyersed, 
water  gas  is  made  for  45  minutes  per  hour,  and  its  production  is 
said  to  be  doubled.  From  1  ton  of  common  gas  coke  Prufesaor 
Vivian  Lewis  found  that  70,000,  instead  of  34,400,  cubic  feet  of 
water  gas  were  produced.  Steam  being  only  admitted  in  small 
quantities  at  a  time,  there  is  no  more  CO,  in  the  gas  than  before, 
and  no  excess  of  water  vapour  to  oxidise  the  00,  and  convert  it 
into  COg.  The  proper  regulation  of  the  quantities  of  steam  and  air 
is  the  main  feature  of  the  Dellwik  system.  In  a  six-hours'  test  at 
Warstein,  in  Westphalia,  it  was  found  that  1  kilo,  of  coke  produced 
on  an  average  2*5  cubic  metres  of  water  gas,  equal  to  a  consumption 
of  25  to  30  lbs.  of  gas  coke  per  1000  cubic  teet  of  gas.  The 
production  per  kilo,  of  carbon  depended  on  the  relative  proportions 
of  00  and  UO^.  The  heat  utilisatioo,  or  the  percentage  of  heat  in 
the  coke  transferred  to  the  water  gas  varies  from  72  per  cent,  to 
82  per  cent.,  instead  of  some  40  per  cent.,  as  in  other  systems.  In 
Germany,  at  Frankfort,  and  at  the  Konigsberg  Gas  Works,  there 
are  large  water-gas  plants  on  the  Dellwik  system ;  the  gas  is  pro- 
duced for  about  3d.  per  1000  cubic  feet,  but  it  is  made  on  a  large 
scale.  The  process  is  a  good  deal  used  in  Germany,  though  in 
England  it  has  hardly  made  much  way  at  present.  The  composition 
of  water  gas  will  be  found  at  pp.  162,  252 ;  its  average  heating 
value  is  106  B.T.XJ.  per  cubic  foot  It  is  the  high  proportion  of 
poisonous  00  which  constitutes  its  chief  danger;  about  16  per 
cent,  is  the  limit  of  safety. 

Water  gas  has  been  used  with  good  results  to  drive  gas  engines 
at  Essen  since  1891,  when  an  Otto  engine  was  started,  and  at 
Witkowitz  Iron  Works,  where  it  has  provided  an  aggregate  of 
223  H.P.  To  obtain  the  maximum  pressure  of  explosion,  and 
practically  the  same  as  in  a  gas  engine,  the  percentage  of  water  gas 
to  air  should  be  about  3  to  7,  and  an  engine  of  the  same  dimensions 
gives  from  10  per  cent,  to  15  per  cent,  less  power  than  when  driven 
with  lighting  gas.  At  present  the  consumption  of  water  gas  in 
cubic  feet  in  an  engine  cylinder  is  about  double  that  of  lighting  gas 
for  the  same  power,  but  it  will  doubtless  be  reduced  in  the  future. 
Herr  Oroissant,  the  director  of  the  gas  works  at  Ludwigshafen,  in 
Germany,  has  drawn  up  a  useful  table,  showing  by  calculation  the 
heat  efficiency  of  steam,  lighting  gas,  Dowson,  and  water  gas  in 
engines  of  100  H.P.  to  50  H.F.,  taking  the  separate  efficiency  of  the 
engine,  the  plant,  and  the  two  together,  including  heating  up. 
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Table  or  Heat  EFnciXNciss*  in  Ekoincs  for  Stram  and  Ditfrrkiit 
Gasbs  akb  roR  Ditfrrxht  Powrrs. 


HeatEffldoncyof 
EngiiiedilfeBwitli                Bnglne. 

HeatBffldeDeyof 

naat. 

Heat 

PUnI 

hei 

100H.P. 

KflleleDcyor 

.laehidlag 

kttngap. 

|lOOH.P. 

60H.P.10H.P. 

100H.P.  50H.P. 

lOH.P. 

50H.P. 

10  H.  p. 

Steam,     ....     12'5 
lighting  gaa  (town),    25  *4 
DowBon  gas,      .     .     23*5 
Water  gaa,  .     .     .     23*5 

p.ct. 
8*3 
231 
18-7 
18-7 

p.  ct. 
4-0 
21-2 
13-3 
13-3 

p.ct. 
8-8 
10-9 
18-8 
18-8 

p.ct. 

5-8 

9-9 

11-3 

11-3 

p.ct. 
2-8 
91 
9-6 
9-6 

p.ei. 
6-9 
10-9 
12-9 
12-9 

p.ci. 

4« 

9*9 

10-2 

10^ 

PwCt. 

2-2 
91 
7-31 
7-31 

In  Germany  it  has  been  proposed  to  utilise  a  mizure  of  35  per 
cent,  carburetted  water  gas,  and  65  per  cent,  lighting  gas,  to 
drive  an  engine.  The  great  merit  of  water  gas  for  motive  power  is 
its  relative  cheapness.  When  not  carburetted  it  costs  little  more 
than  power  gas  to  produce,  and  is  of  far  higher  calorific  value. 

A  series  of  interesting  tests  were  made  by  Mr.  Paterson,  in  1898, 
at  the  Birkenhead  Gas  Works,  on  a  10  H.P.  Orossley  gas  engine 
driven  with  (1)  a  mixture  Of  equal  parts  of  lighting  and  carburetted 
water  gas ;  (2)  pure  carburetted  water  gas ;  (3)  ordinary  or  non- 
carburetted  water  gas.  The  engine  was  not  of  the  newest  type. 
The  following  table  shows  the  results  obtained  : — 

Table  of  Consumption  and  Hbating  Value,  Ac.,  or  Three 
Different  Gases  in  a  Crossley  Engine. 


Kind  of  Gas  Used. 

Consiimptlon 
cubic  feet 
of  CNwper 

B.H.P.  hoar. 

Heating  Vahie 

B.f.U. 

per  cab.  ft. 

B.H.P. 

HeatBfflelency. 

Town  gas 

Carbnretted  water  gaa,     . 
Non-carburetted  water  gas, 

24-9 
27-6 
441 

618-7 
568-3 
276-4 

10-6 

11-16 

10-24 

16-7  per  cent. 
21-4      „ 

The  heat  efficiency  of  the  water  gas  plant  was  71  per  cent. 

Although  much  the  cheapest,  pure  or  **  straight "  water  gas  here 
gave  the  highest  heat  efficiency. 

It  is  because  in  the  author's  opinion  there  is  a  great  future  for 
this  gas  for  power  purposes,  especially  for  driving  large  power  gas 
engines,  that  this  detailed  account  of  it  is  given,  although  it  has 
hardly  yet  been  applied  in  this  direction.  We  pass  to  a  description 
of  different  gas  producers,  marking  the  successive  stages  in  their 
development. 

*  For  a  definition  of  Heat  Efficiency  see  p.  14» 
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Biflohof. — The  earliest  attempts  to  obtain  gas  for  heating  pur- 
poses from  the  combustion  of  coal,  instead  of  from  distillation,  were 
made  by  Bischof  in  1839.  Peat  fuel  was  burnt  in  a  brick  chamber, 
air  at  atmospheric  pressure  was  admitted  from  below,  through  boles 
in  the  coverins  of  the  ashpit,  and  the  gases  generated  during  com- 
bustion were  drawn  off  through  a  chimnej  and  damper  from  the  top 
of  the  furnace  chamber.  In  1840  Ebelmen  made  a  furnace  for 
generating  gases,  worked  by  a  blast  of  air,  and  a  much  larger  quan- 
tity of  gas  was  produced  by  this  means  than  in  Bischof  s  apparatus. 

Thomas  and  Iiaurent. — But  the  merit  of  being  the  first  to  design 
a  practical  gas  producer  belongs  to  MM.  Thomas  and  Laurent,  who, 
between  1838  and  1841,  constructed  a  gas  generating  furnace,  in 
which  many  modem  improvements  were  anticipated.  Air  com- 
pressed by  a  blower  was  admitted  at  the  bottom  of  a  furnace,  and 
the  decomposition  of  the  air  was  assisted  by  the  injection  of  super- 
heated steam,  in  the  proportion  by  weight  of  35  parts  of  air  to  1  of 
steam.  The  height  of  the  generator  was  sufficient  to  cause  the 
oxygen  of  the  air  to  combine  with  the  carbon  of  the  fuel,  and  car- 
bonic oxide  and  carbonic  acid  were  formed. 

Klrkhsm. — Another  remarkable  apparatus  was  brought  out  in 
1852  by  Messrs.  Kirkham,  who,  working  independently  but  on 
the  same  lines  as  Thomas  and  Laurent,  produced  their  gas  by 
direct  combustion  of  the  fuel  in  a  furnace,  instead  of  by  appljring 
external  heat  to  the  coal,  and  distilling  the  gas  from  it.  They  were 
the  first  to  use  what  is  called  the  "  intermittent  **  system  of  gas 
making — that  is,  the  alternate  admission  of  steam  and  air  to  the 
coal,  and  the  gas  was  produced  continuously.  The  fuel  being 
kindled  in  the  generator,  a  blast  of  air  was  turned  into  it,  until 
combustion  was  thoroughly  established ;  the  air  was  then  shut  off, 
the  producer  gas  blown  off  to  waste,  and  steam  was  injected  and 
quickly  decomposed  by  the  beat.  After  a  short  time  the  admission 
of  steam  was  stopped,  and  air  again  introduced  to  revive  combustion. 
Other  gas  producers  were  brought  out  by  Ekmann  in  Sweden  about 
1845,  Beaufum^  in  France  in  1856,  and  Benson  in  1869. 

Siemens. — Several  important  gas  producers  were  introduced  with 
successive  improvements  by  Sir  W.  Siemens,  who  gave  his  attention 
to  the  subject  as  early  as  1861.  His  main  object  was  to  produce  a 
gas  which  could  be  used  as  a  substitute  for  ordinary  fuel  in  furnaces, 
and  he  was  the  first  to  bring  the  question  of  gaseous  fuel  prominently 
forward.  In  his  producer  a  very  slow  draught  of  air  and  slow  rate 
of  combustion  are  employed,  and  the  gases  are  cooled  as  they  leave 
the  generator.  His  designs  have  since  been  perfected,  and  the 
Siemens  improved  gas  generator  is  now  largely  used  for  all  sorts  of 
metallurgical  and  manufacturing  purposes.  The  two  forms  of  gas 
producers  introduced  into  France  by  Minary  in  1868,  and  his  later 
recent  apparatus  were  invented  with  the  same  object,  of  replacing 
solid  fuel  in  furnaces.  A  useful  little  generator  was  brought  out  by 
Dr.  Kidd  in  1875,  intended  to  provide  a  cheap  gas  for  domestic  use 
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and  cooking.  With  the  exception  of  the  Siemens  apparatus  these 
were  all  on  a  small  scale,  and  none  of  them  were  originally  intended 
to  generate  gas  for  working  motors. 

PaaoaL — Pascal  in  1861  was  the  first  to  develop  the  ideas  of 
Thomas  and  Laurent,  and  those  of  Kirkham,  and  to  test  practically 
sk  system  for  mana&cturing  cheap  gas,  by  the  addition  of  steam  and 
air  to  the  incandescent  fuel.  Except  in  its  application,  his  method 
differed  little  from  theirs.  A  cylindrical  gas  generator  filled  with 
coal  was  surrounded  by  a  boiler  with  which  it  communicated.  The 
ooal  was  fired,  and  steam  from  the  boiler  admitted  alternately  with 
air  from  a  blower,  worked  by  the  motor.  Pascal's  system  of  making 
gas  has  long  been  discontinued. 

TeB8i6  du  Motay. — Another  method  brought  out  by  Tessi^  du 
Motay  in  1871  is  still  used,  with  improvements,  in  America  at  the 
Municipal  Gas  Works,  New  York.  A  brick  furnace,  enclosed  in  a 
wTought-iron  cylindrical  shell,  is  charged  with  fuel  from  above,  and 
the  gas  drawn  off  through  an  annular  space  at  the  top.  Air  is  intro- 
duced through  a  blast  pipe  running  across  the  centre  of  the  furnace, 
and  the  ashes  and  clinker  are  discharged  below.  To  carburate  the 
gas  it  is  led  through  a  chamber  fitted  with  ledges,  over  which  naphtha 
trickles  down  from  above,  is  volatilised,  and  the  vapour  mixed  with 
the  water  gas.  It  is  then  passed  through  red  hot  retorts,  to  prevent 
condensation  when  the  gas  cools.  This  is  said  to  be  one  of  the  best 
of  the  intermittent  gas  producers,  and  is  simple  and  efficient. 

These  different  generators  exhibit  the  successive  steps  in  the  pro- 
duction of  gas  from  coal.  The  first  improvement  on  the  process  of 
distillation  was  the  substitution  of  internal  for  external  combustion. 
Instead  of  the  outward  application  of  heat  to  retorts,  the  fuel 
was  burnt  in  the  furnace,  and  the  gas  led  off  from  it  in  pipes.  A 
blast  of  air  was  next  introduced,  to  accelerate  the  production  of  gas ; 
the  last  and  perhaps  the  most  important  innovation  was  the  addi- 
tion of  a  jet  of  steam.  About  1862  two  systems  were  proposed  on 
the  Continent  for  making  water  and  generator  gas.  In  the  first, 
designed  by  M.  Tr^bouillet,  retorts  filled  with  charcoal  were  brought 
to  a  red  heat,  and  superheated  steam  forced  through  them.  Char- 
ooal  was  also  used  in  the  other  method,  invented  by  M.  Arbos  of 
Barcelona.  The  generator  was  in  two  divisions.  The  upper  part 
contained  water,  and  formed  a  kind  of  boiler  and  superheater,  and 
steam  mixed  with  air  was  admitted  at  the  bottom  of  the  furnace. 
A  modification  of  this  process  was  applied  to  the  Bonier  generator. 

Strong. — Two  systems,  both  of  American  origin,  the  Strong  and 
the  Lowe,  for  making  gas  by  admitting  steam  and  air  intermittently 
into  burning  fuel,  were  introduced  about  1874.  Fig.  83  gives  a  view 
of  the  Strong  apparatus,  and  shows  the  method  of  generating  and 
purifying  the  gas,  and  superheating  the  steam  before  it  enters  the 
furnace.  A  is  the  generator  filled  with  anthracite  or  coke,  charged 
through  the  hopper  H  above,  or  through  the  doors,  p,  p.  I  and  J 
are  the  heating  chambers,  loosely  stacked  with  fire  bricks.     A  forced 
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blast  of  air  enters  at  B  below  the  furnace,  and  another  current  is 
admitted  at  G.  As  soon  as  the  coal  is  kindled  in  A  the  air  blast 
from  B  causes  active  combustion,  and  the  gases  generated  are  driven 
into  the  first  chamber  I.  Meeting  here  the  draught  of  air  from  C 
they  are  ignited  and  bum  down  through  the  fire  bricks,  and  up  in 
the  direction  of  the  arrows  through  the  second  chamber  J  till  thej 
reach  the  reservoir  R.  As  soon  as  the  fuel  in  the  furnace  A,  and 
the  bricks  in  the  chambers  I  and  J  are  at  a  red  heat,  the  air  is  shut 
ofi*  from  the  blast  pipe  B,  and  the  opening  G,  and  steam  introduced 
at  G  passes  through  the  chambers  and  the  furnace  in  the  reverse 
direction  to  the  air.  In  its  passage  through  the  red-hot  fire  bride 
it  becomes  superheated.  At  the  top  of  the  furnace  finely- powdered 
fuel  is  sprinkled  into  the  steam.  Brought  in  contact  with  this  coal 
dust  continuously  fed  from  the  hopper  by  means  of  a  slow  moving 
Archimedean  screw,  the  steam  instantly  separates  into  its  elements, 
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Fig.  83.— Strong  Gas  Producer.     1874. 

and  these  combine  with  the  xnirbon  to  form  rich  water  gas,  which  is 
drawn  off  at  D.  After  a 'few  minutes  combustion  slackens,  and  the 
process  is  reversed.  The  steam  is  shut  off,  the  forced  blast  of  air 
again  admitted,  and  producer  gas  given  off.  The  Strong  gas  ifl 
specially  adapted  for  heating.  It  is  perhaps  the  best  of  the  pro- 
ducers! working  on  the  intermittent  system,  and  generating  gas 
alternately  from  air  and  from  steam. 

PUjOwe. — The  Lowe  process  resembles  the  Strong  in  several 
respects,  and  contains  a  generator  and  a  single  superheating 
chamber  ;  a  carburator  has  now  also  been  added.  The  producer  is 
worked  intermittently.  By  the  side  of  the  iron  cased  brick 
generator  furnace  is  a  superheating  chamber  filled  with  loose 
bricks,  a  reservoir  of  water,  and  a  scrubber  for  purifying  the  gases. 
The  generator  being  charged  with  anthracite,  combustion  is  started 
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bj  a  blast  of  air.  The  hot  gases  given  off  rise  to  the  top  of  the 
geneiator,  and  are  oonvejed  through  a  pipe  to  the  lower  part  of 
the  superheater^  where  a  fresh  current  of  air  is  admitted,  kindling 
the  gases,  and  causing  the  flames  to  rise  through  the  loosely 
stacked  bricks.  As  soon  as  the  bricks  and  the  coals  in  the  genera- 
tor are  at  a  red  heat,  or  at  a  temperature  of  about  1600*  F.,  the 
gases  are  discharged  at  the  top,  after  passing  through  a  coil  of  pipes 
to  heat  the  air  blast.  The  air  is  then  shut  off,  superheated  steam 
is  blown  into  the  furnace,  and  water  gas  generated.  A  small 
stream  of  petroleum  drops  from  above  on  to  the  glowing  fuel, 
and  as  the  gases  produced  by  the  decomposition  of  the  steam  pass 
upwards  through  the  generator,  the  oil,  "cracked''  and  vaporised 
by  the  heat,  mixes  with  and  carburates  them.  The  gases  next 
pass  through  the  Huperheating  chamber,  which  being  always  main- 
tained at  a  constant  heat,  renders  the  composition  of  the  gases 
uniform.  They  are  then  purified  by  passing  them  through  a  water 
tank,  and  the  scrubbing  chamber  is  filled  with  wet  coke.  The  gas 
produced  by  the  Lowe  system  differs  in  some  respects  from  others, 
and  the  inventor  asserts  that  the  quality  does  not  vary. 

The  chemical  process  involved  in  making  the  two  kinds  of 
gas  here  described,  producer  and  water  gas,  one  or  other  of 
which  is  the  basis  of  all  power  gas,  is  as  follows: — Producer 
or  Siemens  gas  consists  of  CO  and  N,  and  is  formed  by  the 
incomplete  combustion  of  the  coal.  The  formula  expressing  it 
is  0  4-  O  =  OO.  The  carbon  in  the  coal  combines  with  the  air 
to  form  a  gas  in  the  proportion  of  35  per  cent.  CO  to  65  per 
cent.  N  by  volume.  The  theoretical  heating  value  of  this  gas  is 
113  B.T.U.  per  cubic  foot  (1015  cals.  per  c.  metre).  For  water 
gas  the  formula  is  0  +  H^O  «  CO  -f  2H.  One  lb.  of  carbon 
in  the  coaJ  burns  with  1*5  lb.  of  H^O  to  a  gas  of  which  the  con- 
stituents are  50  per  cent,  by  volume  of  CO  and  50  per  cent,  by 
volume  of  N.  Its  theoretical  heating  value  is  303  B.T.U.  per 
cubic  foot  (  s  2710  cals.  per  c.  metre).  In  the  one  case  1  lb.  of  carbon 
yields  by  combination  with  73  cubic  feet  of  air  88-3  cubic  feet  of 
producer  gas ;  in  the  other,  1  lb.  of  carbon  furnishes  by  combiner 
tion  with  1*5  lb.  of  water  vapour  61*4  cubic  feet  of  water  gas.  The 
decomposition  of  the  H2O,  however,  in  the  latter  requires  more  heat 
than  is  liberated  by  the  formation  of  the  CO.  If  the  two  processes 
be  combined,  as  in  Dowson  gas,  and  steam  and  air  injected  together 
into  a  furnace,  2  lbs.  of  carbon  will  burn  with  1*5  lbs.  of  water 
vapour  and  73  cubic  feet  of  air,  producing  61*44  cubic  feet  of  water 
gas  and  88*32  cubic  feet  of  Siemens  gas » 149*76  cubic  feet  of 
Dowson  gas,  in  the  proportions  of  41  per  cent  CO,  21  per  cent.  H, 
and  38  per  cent.  N.  These  values  are  theoretical,  because  in 
practice  the  oxygen  and  hydrocarbons  cannot  be  wholly  eliminated. 
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CHAPTER   XI. 
GAS  PRODUCTION  FOR  MOTIVE  POWER  (ConHnued). 

C0MTBNT8.— Dowson  Gas  Produoer— Experiments— B&le  TrUb—Tangye— 
Thwaite— Leooauohes — Paisley— Taylor  (Fichet  and  Hevrtey) — ^Pierson 
—Wilson— Gas  Motoren  Fabrik  Deuts— Fielding  and  Flatt— Mond— 
Rich^  Wood  Gas  Producer— Lencauches's  Criticisms — Heat  Effideoc^'  of 
Gas  Producers. 

Dowson. — It  is  to  Mr.  J.  R  Dowson  that  the  merit  belongs  of 
having  fitirly  inaugurated  the  process  by  which  superheated  steam 
V     and  air  are  admitted  to  a  furnace  together,  to  furnish  power  gas 
\  for  driving  engines.     The  gas  obtained  is  poorer  than  water  gas, 
;  but  richer  than   producer  gas ;    it  can  be  rapidly  and   contin- 
(  uously  generated,  and  with  the  proper  admixture  of  air  is  well 
/  adapted  for  driving  engines.     It  possesses  the  further  advantage  of 
being  much  cheaper  than  lighting  gas.     Before  its  introduction,  it 
was  considered  impossible  to  work  larger  gas  engines  as  economi- 
cally  as  steam   engines  of  about  the  same  power.      With   few 
exceptions,  only  small  motors  were  made,  and  owing  to  the  expense 
of  town  gas,  it  was  supposed  that  large  power  gas  engines  oould 
never  compete  successfully  with  steam.     The  adoption  of  Bowson 
gas  has  shown  that  it  is  possible  to  work  a  100  H.P.  gas  engine 
with  much  greater  economy  in  cost  of  fuel  than  a  good  100  H.P. 
steam  engine,  and  a  still  more  economical  consumption  of  fuel  has 
been  obtained  with  an  engine  indicating  170  H.P.     From   this 
point  of  view,  the  services  rendered  by  Mr.  Dowson,  in  making 
it  possible  to  produce  power  more  cheaply  by  the  use  of  his  gas,  are 
very  great.     He  estimates  that  there  are  now  engines  developing 
about  60,000  I. H.P.  working  with  this  gas;  up  to  January,  1899, 
Messrs.  Crossley  had  sold  engines  for  42,280  I.H.P. 

Fig.  84  shows  an  external  view  of  a  complete  Dowson  gas  plant 
up  to  about  80  I. H.P.  To  start  production,  nothing  is  needed 
except  anthracite  or  coke  to  fill  the  generator,  and  water  to  eva- 
porate into  steam  for  injection  into  the  fuel.  The  steam  pressure 
required  is  from  30  to  50  lbs.  per  square  inch,  according  to  the 
size  of  the  gas  plant  to  be  served.  The  wrought-iron  grenerator  is 
seen  on  the  left,  and  the  small  vertical  boiler  for  producing  the 
steam  stands  in  the  front  to  the  right.  The  boiler  has  a  closed 
grate,  with  steam  pipes  in  the  uptake,  in  which  the  steam  is 
superheated,  before  it  passes  to  the  lower  part  of  the  generator. 
Between  the  boiler  and  generator  is  an  injector,  through  which 
a  current  of  air  is  forced,  by  the  velocity  of  the  steam.  The 
cylindrical  generator  is  lined  with  fire  brickt  and  the  fuel  is  fed 
in  through  the  hopper  above.      The  gases  generated  by  the  com- 
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buition  of  the  anthracite  or  coke  combine  with  the  oxygen  derived 
from  the  deoomposition  of  the  steam  and  air,  and  are  cozLTejed 
through  a  cooler  and  pipe  into  the  hjdraulic  box,  which  is 
filled  with  water.  The  gases  passing  through  the  water 
washed,  and  another  pipe  conveys  them  to  the  scrubbers, 
times  placed  inside  the  gasholder,  to  economise  space.  Chift 
filled  with  coke,  continually  moistened  by  water  sprays ;  the  | 
pass  from  here  into  the  second  scrubber  filled  with  sawdust, 
thence  to  the  gasholder. 

To  regulate  automatically  the  production  of  gas,  the  follow 
method  is  adopted  : — The  top  of  the  holder  is  connected  to  a 
attached  to  the  air  injector.      If  too  much  gas  is  generated, 
holder  rises,  lifts  this  chain,  and  raises  a  valve  from  which  the 
and  steam  are  allowed  to  escape,  instead  of  entering  the  genemitee^] 
As  soon  as  production  is  reduced,  the  holder  sinks,  and  the  valve  ' 
released.      Fig.  85  shows  a  series  of  Dowson  gas  plants,  each 
100  B.H.P. 

A  large  number  of  experiments  have   been  undertaken  with 
Dowson  gas,  and  have   proved  its  economy,  and  the   relativi  ~ 
small  cost  of  using  it  to  drive  engines.      To  make  a  proper  ooi 
parison  between  a  steam   engine  and  a  Dowson  gas   plant 
motor,  the  cost  of  the  fuel  should  in  both  cases  be  given,  and 
generator    considered    as    forming   part   of  the    gas    engine, 
the   same  way   as  a  boiler  forms  part  of  a  steam   plant. 
England  the  gas  can  be  produced  at  a  cost  of  about  2d.  to 
per  1000  cubic  feet,  aocoitiing  to  the  quantity  required,  but   _^ 
the  case  of  large  works,  where  a  steam  boiler  already  exists,  tht 
consumption  of  fuel  can  be  reduced,  by  utilising  this  steam  fbr' 
the  generator.     South  Metropolitan  London  gas  costs  about  2s.  3d. 
per  1000  cubic  feet.      Dowson  gas  is  about  four  times  less  n^ 
in  heating  value  than  town  gas,  and  requires  less  air  for  its 
bustion  in  the  cylinder   of  a   gas   engine.       The  actual   chai 
admitted  is  no  larger  than  when  town  gas  is  used,  because  the 
of  air  is  much  smaller,  being  only  from  1  to  1|  times  that  of 
gas.     The  proportional  heating  value  of  average  coal  gas,  as  coi 
pared  with  Dowson,  is  3-8  to  1. 

Dowson  gas  can  only  be  made  with  coke  or  anthracite,  but 
are  easily  obtained  in  England.    It  is  yearly  becoming  more  wid4 
known  and  generally  used.      It  is  easily  produced;  the  plant 
compact  and  simple,  occupies  a  small  space,  and  requires   lil 
attention ;   it  does  not  bum  with  a  smoky  flame,  and  deposits 
impurities  in  the  ports  and  valves  of  an  engine.      It  can  be  mi 
continuously,  rapidly,  and  at  a  much  lower  cost  than  town 
Most  of  the  important  firms  in  England  and  abroad  now 
engines  for  larger  powers,  to  be  driven  by  Dowson  or  other 
ducer  gas.      An  account  of  these  will  be  found  under  the  head 
the  different  engines. 

Besides  its  use  for  motive  power,  Mr.  Dowson  has  lately  adapted 
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his  gas  for  various  heating  purposes.  In  almost  all  cases  where 
light  is  not  required  it  maj  he  suhstituted  for  coal  gas,  and  can  he 
used  for  furnaces,  annealing  ovens,  chemical  work,  japanning, 
soldering,  dsc.,  and  in  many  other  manufactures. 

Bxperlmenta. — Many  trials  with  Dowson  gas  will  he  found  in 
the  tahles  at  the  end  of  the  hook.  The  Simplex  engine  was  twice 
carefully  experimented  on  by  Professor  Wits  with  Dowson  gas. 
In  1890  he  tested  the  100  H.P.  Simplex  engine,  shown  at  the  Pans 
Exhibition,  in  which  the  consumption  was  1*34  lb.  English  anthracite 
per  KH.P.  per  hour.  Dowson  gas  is  now  used  to  drive  all  the 
engines  at  Messrs.  Crossley's  works,  and  it  furnishes  a  total  of  about 
500  H.P.  A  good  test  of  economy  is  the  avera$|^e  working  expenses 
throughout  the  year  of  large  engines  driven  with  this  gas.  In  MM. 
Koerting's  extensive  engineering  works  near  Hanover  there  are 
several  engines  driven  by  Dowson  gas  made  in  Koerting  generators, 
with  a  total  of  about  400  H.P.  At  the  Severn  Tweed  Co.'s  Mills 
at  Newtown,  two  trials,  each  extending  over  six  days,  were  made 
upon  four  Orossley  engines,  driven  with  Dowson  gas,  and  indicating 
a  total  of  about  280  H.P.  In  the  first  trial  anthracite  was  used, 
and  the  total  consumption  was  1*23  lb.  per  B.H.P.  per  hour. 
During  the  second  the  generator  was  fired  with  coke,  and  1*73  lb. 
per  B.H.P.  per  hour  was  used. 

A  good  test  was  made  by  Tomlinson  in  1891  on  a  15  H.P. 
Atkinson  Oycle  engine,  used  to  pump  water  from  a  well  at  the 
Uxbridge  Waterworks.  The  engine  was  coupled  direct  to  double- 
acting  pumps  80  feet  below  the  surface,  and  was  driven  at  86 
revolutions  per  minute.  The  total  quantity  of  fuel  used  was  1*06 
lb.  per  I.H.R  per  hour,  or  1*48  lb.  per  water  horse-power  per  hour; 
and  about  16*4  per  cent,  of  the  heat  units  in  the  fuel  were  con*' 
verted  into  total  work,  or  12  per  cent,  into  water  pumped.  Another 
trial  was  made  in  1892  by  Mr.  Dowson  on  a  Crossley-Otto  engine 
developing  a  mean  of  118*7  LH.P.  The  fuel  consumed  during  the 
trial  was  0'76  lb.  per  LH.P.  per  hour,  including  anthracite  for  the 
generator  and  coke  for  the  boiler.  This  trial  was  at  Messrs.  Mead 
4i  Co.'8  Flour  Mills,  Chelsea.  Some  useful  trials  to  test  the 
variations  in  the  calorific  value  of  Dowson  gas  during  the  process 
of  generation  were  made  by  Mr.  Paterson  at  Liverpool,  and  showed 
a  considerable  difference,  according  to  the  time  which  had  elapsed 
since  the  last  clinkering.  This  process  only  took  place  once  in  48 
hours.  Ten  hours  after  clinkering  the  heating  value  of  the  gas  was 
149*2  fi.T.IJ.  per  cubic  foot;  26  hours  after  clinkering  it  was  141*3 
fi.T.U.  per  cubic  foot ;  and  48  hours  after,  or  just  before  a  removal 
of  the  cUnker,  the  heating  value  fell  to  113*6  B.T.U.  per  cubic  foot 

An  interesting  series  of  experiments  was  made  in  1895  on  two 
50  H.P.  Crossley-Otto  engines  driven  with  Dowson  gas,  providing 
electricity  for  the  Mountain  Railway  at  Zurich.  Each  engine  has 
a  gas  generator  attached,  and  one  engine  and  generator  were  used 
to  drive  the  dynamos,  the  other  as  a  reserve.     The  ignition  tube 
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was  heated  by  a  flame  fed  with  Dowson  gas,  and  one  boiler 
famished  the  steam  to  both  generators,  if  required.  Each  generator 
prodaoed  10,593  cubic  feet  of  gas  per  hour,  or  sufficient  to  develop 
120  H. P.  Two  experiments  were  made  to  determine  the  efficiency 
of  the  engines  under  normal  working  conditions,  and  a  third  for 
the  maximnm  power.  The  mean  heating  value  of  the  gas,  taken 
constantly  with  a  Junker  calorimeter,  was  144  B.T.XJ.  per  cubic 
foot,  but  it  was  found  to  vary  greatly  from  hour  to  hour,  depending 
more  or  less  upon  the  quantity  of  coal,  time  of  stoking,  and  power 
required.  The  total  consumption  of  Belgian  anthracite  for  the 
generator  and  boiler  was  1  '4  lb.  per  B.H.P.  per  hour;  the  mechanical 
efficiency  at  maximum  power  was  about  90  per  cent.  Full  details 
of  this  excellent  trial  will  be  found  in  the  ZeiUchriJi  det  VereinB9 
deuUeker  Inginieure,  Dec.  21  and  28,  1895. 

One  of  the  most  complete  trials  yet  made  was  carried  out  at  the 
B41e  Water  Works,  in  1896,  by  Professor  Meyer,  one  of  the  best 
authorities  on  the  subject  of  power  gas.  He  tested  a  160  B.H.P. 
Deutz-Otto  gas  engine,  with  two  cylinders.  The  pistons  worked 
on  to  the  same  crank  and  drove  three  pumps,  each  10*2  inches 
diameter,  and  2  feet  3|  inches  stroke,  the  brake  H.P.  being  deter- 
mined from  the  work  of  the  pumps.  Indicator  diagrams  were  taken 
every  five  minutes,  the  temperature  of  the  superheated  steam  was 
noted,  and  also  that  of  the  steam  and  air  below  the  jet,  as  well  as 
the  cooling  water,  in  and  out  of  the  jacket. 

The  experiment,  lasting  ten  hours,  had  for  its  object  to  deter- 
mine the  quality  of  the  gas,  and  the  chemical  changes  during  the 
process  of  generation,  and  it  forms  one  of  the  most  careful  studies  of 
Dowson  gas  which  has  yet  appeared.  The  plant  consisted  of  three 
generators,  two  small  steam  boilers,  two  sawdust  purifiers,  and  four 
scrubbers,  but  during  the  trial  only  one  generator  and  boiler  were 
in  use.  The  fuel  burnt  was  gas  coke  made  from  German  coal ; 
it  had  a  heating  value  of  12,960  B.T.U.  per  lb.,  and  contained  87*7 
per  cent,  carbon  and  9 '7  per  cent.  ash.  As  regular  quantities  were 
fed  in  by  hand  every  ten  minutes,  the  heating  value  of  the  gas  did 
not  vary  as  much  as  in  the  Zurich  trials.  About  35  cubic  feet  of 
water  per  I.H.P.  hour  were  required  for  the  generator,  scrubbers, 
and  the  cooling  jacket.  Samples  of  the  gas  taken  every  hour,  and 
analysed  by  Hempel's  process,  gave  by  volume  4*8  per  cent.  COj, 
27-6  per  cent.  00,  2*0  per  cent.  OH^,  7  per  cent.  H,  and  58-6  per 
cent.  N.  The  heating  value  determined  every  10  to  15  minutes  in 
a  Junkers  calorimeter,  and  corrected  for  temperature  and  pressure, 
was  135  RT.XJ.  per  cubic  foot.  Oonsumption  of  coke  1*4  lb.  per 
I.H.P.,  and  1-6  lb.  per  B.H.P.  hour,  and  1  lb.  of  coke  yielded  75-8 
cubic  feet  of  gas  at  0*  0.  and  76  mm.  pressure.  Of  the  total  heat  in 
the  coke  95*7  per  cent,  was  developed  in  the  generator,  and  4*3  per 
cent,  lost  while  passing  through  the  boiler;  71*3  per  cent,  was 
available  for  the  engine,  making  the  loss  to  the  generator  24*4  per 
cent     Heat  efficiency  of  the  gas  engine  19*3  per  cent,  per  B.H.P. 
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During  the  trial  54  per  cent,  of  the  steftm  sent  to  the  generator 
was  decomposed,  and  46  per  cent,  passed  through  it  unchanged, 
causing  waste  of  heat,  and  lowering  the  temperature  in  the  gener- 
ator. To  account  for  this,  experiments  were  made  working  the 
engine  at  the  same  power,  with  gas  from  one  and  from  two 
generators.  Probably  the  loss  of  heat  to  the  steam  was  caoaed  by 
Uie  yaryiug  temperature  in  the  generator,  which  was  much  hotter 
at  the  bottom  than  at  the  top.  Immediately  after  stoking  it  fell 
50*,  and  rose  again  50*  three  minutes  later.  Hence  the  inter- 
mittent calorific  value  of  power  gas,  which  has  so  often  been  noticed. 
According  to  Professor  Meyer,  the  gas  produced  always  leaves  the 
strata  of  the  generator,  in  which  the  chemical  processes  take  place, 
at  the  same  temperature,  and  becomes  cooled  by  passing  through 
the  upper  layers  of  freshly  stoked  combustible.  The  exdianges  of 
heat  between  the  gas  and  the  coke  can  be  calculated,  and  the  loss 
by  incomplete  decomposition  of  the  steam  determined. 

When  working  with  two  generators  the  coke  consumption  was 
17  per  cent,  more  than  with  one,  and  as  the  power  developed  in  the 
engine  wsh  practically  the  same,  this  17  per  cent  of  heat  was 
wasted — that  is,  it  passed  through  the  generators  without  being 
converted  into  work,  and  21  per  cent  of  the  total  steam  supplied 
was  not  decomposed  to  a  gaseous  condition.  The  temperature  of 
the  discharge  gases  was  also  higher  when  working  with  one  than 
with  two  generators.  Thus  it  was  evident  that  the  hotter  the 
generator,  the  more  steam  was  decomposed.  The  low  heat  efficiency 
was  attributed  to  the  poor  quality  of  the  gas  made  from  coke, 
which  was  difficult  to  treat,  although  the  charge  was  fired  electri- 
cally. It  burned  slowly,  and  ignition  lasted  almost  to  the  middle 
of  the  stroke,  as  was  shown  by  the  form  of  the  indicator  diagram. 
The  engine  was  of  rather  an  old  type,  but  when  run  at  a  higher 
speed,  all  other  conditions  being  the  same,  the  pressure  of  explosion 
and  the  efficiency  were  increased.  Had  this  higher  speed  been 
maintained  throughout  the  trials,  the  consumption  would  have  been 
1*1  lb.  per  I.H.P.  hour,  and  the  heat  efficiency  23*8  per  cent. 

The  trial  affords  valuable  proof  of  the  possibility  of  utilising 
cheap  coke  from  gas  works  in  the  most  economical  way  to  obtain 
power. 

Tangye. — Like  most  of  the  modern  generators,  this  gas  pro- 
ducer is  practically  automatic  in  action.  The  two  improvements 
claimed  for  it  are  the  effective  feeding  of  the  fuel  into  the  gene- 
rator without  allowing  the  height  of  the  fire,  and  hence  the  quality 
of  the  gas,  to  vary,  and  the  careful  treatment  of  the  gas  after  it 
leaves  the  furnace.  If  steam  is  not  available,  a  small  separate 
boiler  is  required,  and  both  the  steam  and  air  are  superheated 
before  entering  the  furnace,  thus  ensuring  their  rapid  decom- 
position into  gas.  Fig.  86  gives  a  view  of  this  gas  plant.  H 
is  the  conical-shaped  hopper,  with  valve  above,  which  holds 
enough   fuel   for  several  hours,  and  as  the  coal   sinks  gradu&llr 
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and  automatically  into  the  generator,  the  level  is  maintained 
uniform,  and  there  ia  no  distnrbance  of  the  furnace.  The 
generator  is  lined  with  fire  brick,  L.  The  gases  are  led  off 
through  a  wide  pipe,  K,  with  two  passages,  through  the  lower 
of  which  they  pass  to  the  box  fi,  where  they  are  freed  from 
dust.  In  this  passage  is  a  U-shaped  tube,  round  which  the 
gases  circulate,  and  not  only  heat  it,  but  also  the  upper  passage 
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Fig.  86.— Tangye  Gas  Producer.     18»6.1899. 

N.  The  steam  from  the  boiler  is  first  drawn  into  this  U-tube, 
where  it  is  superheated,  and  thence  to  the  blower  box  Q,  and 
mixed  with  air  in  the  proper  proportions  for  combustion.  The 
two  pass  along  the  pipe  N  and  the  annular  passage  V  in  the 
lining  of  the  generator  to  the  hearth  at  E.  Thus  the  steam  is 
twice  heated,  first  in  the  U-tube  by  the  gases,  and  next  in  the 
pipe  V  by  the  furnace.  The  gases  are  led  off  down  the  centre 
of  the  cooler  D  to  the  dust  box  B,  and  thence  to  the  hydraulic 
box  G.  Passing  upwards  at  M,  through  loosely- stacked  coke, 
moistened  by  water  continually  playing  on  it   from  above,  they 
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are  finally  carried  down  the  centre  and  dried,  and  thence  to  the 
engine  or  gasholder.  Several  of  these  plants  are  at  work  for 
driving  engines,  and  making  gas  for  heating  and  other  purposes. 
The  gas  produced  has  a  heating  value  of  about  160  B.T.n.  per 
cubic  foot,  and  the  plant  is  said  to  generate  168,000  cubic  feet 
per  ton  of  Welsh  anthracite.  It  can  onlj  be  worked  with  anthra- 
cite or  coke. 

Thwaite. — Another  gas-making  plant  has  been  introduced  bj 
Mr.  Thwaite  to  produce  gas  not  only  from  anthracite  and  coke, 
but  also,  it  is  said,  from  bituminous  coal,  slack,  breeze,  sawdust, 
peat,  &c.  Drawings  of  the  plant,  which  appears  to  be  still  in  the 
experimental  stage,  will  be  found  in  The  Engineer ,  July  5,  1895, 
with  a  description  of  a  generator  erected  in  the  North  of  London 
for  driving  a  gas  plant  to  produce  electric  light.  No  trials  seem 
yet  to  have  been  published. 

LenoaucheB. — This  system  is  much  used  for  making  gas  in 
France.  It  was  invented  by  M.  Lencauchez,  and  the  apparatus 
being  first  made  at  the  Ohantiers  de  la  Buire,  Lyons,  it  wss 
originally  called  the  Buire-Lencauchez  system.  In  outward 
appearance  the  generator  differs  little  from  the  Lowe,  but  the  gss 
is  continuously  produced.  It  was  originally  adopted  by  MM. 
Delamare  -  Deboutteville  and  Malandin,  the  inventors  of  the 
Simplex  engine,  who  still  utilise  it,  and  they  have  added  a 
Lencauchez  gas  producer  to  many  of  their  motors,  from  16  to  200 
H.  P.  It  is  at  present  chiefly  applied  to  Otto  engines,  made  by  the 
Compagnie  Fran^aise. 

Fig.  87  shows  an  elevation  and  Fig.  88  a  plan  of  the  present 
improved  apparatus  by  M.  J.  A.  Lencauchez,  son  of  the  inventor. 
A  is  the  valve  for  admitting  and  regulating  the  supply  of  air,  B 
is  the  blower  worked  from  the  small  gas  engine  £,  0  C  are  the 
two  chimneys.     At  G  are  seen  the  producers,  of  which  there  are 
two  in  this  plant ;  between  their  fire  brick  lining  and  outer  iron 
casing  is  a  layer  of  sand.      S  is  the  scrubber  filled  with  coke, 
from  whence  the  gases  pass  to  the  purifier  P  through  the  tar  con- 
denser T.     The  fuel  is  charged  by  hand  through  a  hopper  above  the 
furnace,  and  the  clinkers  and  ashes  are  withdrawn  once  in  twenty- 
four  hours.     A  current  of  air,  sometimes  heated  by  the  hot  gases 
from  the  generator,  is  sent  into  the  latter  from  the  fan  or  blower. 
A  small  stream  of  wati^r,  preferably  drawn  from  the  jacket  of  the 
gas  engine,  is  admitted  into  a  hollow  trough,  and  falling  through 
the  bars  on  to  the  grate,  is  there  evaporated,  mixes  with  the  blast 
of   compressed  air,  and  the  two  pass  together  into   the  furnace. 
The  gases  are  then  led  from  the  top  of  the  furnace  into  the  coke 
scrubber,  upon  which  water  from  a  siphon  is  continually  playing 
through  a  perforated  cone  or   distributor.       The  door  for  with- 
drawing and  changing  the  coke  when  required  is  shown  at  the 
bottom  of  the  scrubber  S.    On  their  way  the  gases  pass  a  hydraulic 
joint,  which  is  intended  to  prevent  the  return  of  any  gas  to  the 
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Fig.  87.— Lencauchez  Gas  Plant — Elevation. 


Fig.  88.— Lencauchez  Gas  Plant— Plan.     1899. 

furnace.  They  are  next  delivered  sometimes  to  a  distributing 
chamber,  sometimes  direct  to  the  gasholder.  By  an  ingenious 
arrangement  the  furnace  can  be  shut  off  for  a  few  minutes,  the 
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injection  of  air  and  steam  suspended,  and  the  engine  driven  bj 
gaa  from  the  holder  while  the  grate  is  cleaned,  an  operation  only 
necessary  about  once  in  twenty-four  hours.  The  holder,  of  ooune, 
contains  sufiicient  gas  for  starting  the  engine.  The  production  of 
gas  is  regulated  by  a  valve  attached  by  a  chain  to  the  top  of  the 
gasholder,  through  which  the  compressed  air  passes  to  the  furnace. 
Ab  soon  as  the  holder  is  filled,  the  valve  I  is  automatically  raised, 
and  the  air  is  not  allowed  to  enter  the  furnace  until  the  contents 
of  the  holder  have  been  reduced. 

The  advantages  of  this  Lencauchez  gas  producer  are  its  economy 
of  heat  and  its  simplicity,  no  boiler  being  required.  Both  the  air 
and  water  are  usually  heated  before  they  enter  the  furnace,  and 
heat  is  thus  utilised.  This  producer  can  also  be  used  to  generate 
gas  from  cheap  and  poor  coal  and  lignite.  MM.  Lencauchez  do 
not  find  it  necessary  to  burn  costly  English  anthracite  in  their 
generators,  but  inferior  bituminous,  non-casing  French  ooal,  which 
is  much  cheaper  ;  a  caking  coal  is  found  to  clog  the  generator.  The 
system  is  especially  adapted  for  use  where  best  coal  is  difficult 
to  procure.  French  anthracite  has  neither  the  same  calorific 
value,  nor  is  it  as  pure  as  English.  Gas  made  on  the  Lencauchez 
system  with  English  anthracite  has  a  heating  value  of  about  174 
B.T.U.  per  cubic  feet  at  ordinary  temperature  and  pressure ;  when 
cheap  French  anthracite  coal  is  used,  its  heating  value  is  152 
B.T.  IJ.  per  cubic  foot.  With  large  motors  driven  by  Lencauchez 
gas,  the  consumption  of  fuel  is  about  1  '3  lb.  of  good  anthracite  per 
B.H.P.  per  hour.  Several  large  power  plants  worked  with  this 
gas  have  been  erected  by  the  French  Ck>mpagnie  Otto,  especially 
one  at  Lyons,  developing  1050  H.P.  It  consists  of  three  two- 
cylinder  engines,  each  of  300  H.P.,  and  all  working  on  to  the  same 
crank  shaft,  and  one  engine  of  150  H.P.  There  is  also  a  Len- 
cauchez generator  driving  a  160  H.P.  engine  at  Birmingham,  and 
giving  good  results.  The  table  of  trials  with  power  gas  at  the 
end  of  the  book  gives  several  tests  with  these  plants.  The  heat 
efficiency  of  the  generator  is  from  75  per  cent,  to  80  per  cent  of 
the  total  heat  in  the  fuel. 

Various  papers  have  been  published  by  M.  Lencauchez,  senior, 
during  the  last  ten  years,  in  the  Proceedings  of  the  Sociki  des 
Ififfhiieurs  Civile,  Paris,  and  other  scientific  periodicals,  and  he  has 
made  a  careful  study  of  the  subject.  Both  gentlemen,  father  and 
son,  are  still  constantly  working  to  improve  their  generators. 

Paisley. — -The  gas  producer  made  by  Messrs.  Paisley  and  Welch 
has  no  sawdust  scrubber,  nor  is  the  gas  washed  in  the  usual  way, 
although  it  is*,  said  to  be  quite  lit  for  work  in  an  engine  cylinder.  A 
small  boiler  in  fed  from  a  water  tank  on  the  top  of,  and  heated  by 
the  generator.  The  steam  is  introduced  into  the  latter  at  a  pressure 
of  60  to  70  lbs.  per  square  inch,  and  carries  with  it  a  current  of  air. 
These  are  deli  veered  at  the  bottom  of  the  furnace  into  the  mass  of 
glowing  fuel.     J^  the  gases  pass  out  at  the  top  of  the  generator 
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they  are  collected,  and  carried  down  again  in  a  pipe  through  the 
combnatible,  being  thus  superheated,  and  rendered  more  uniform  in 
quality.  They  are  then  led  successively  through  three  coolers,  each 
having  a  water  jacket,  and  the  temperature  of  the  gases  can  thus  be 
regulated  at  will.  From  these  they  pass  through  water  boxes  to  the 
•coke  scrubber,  and  thence  to  the  gasholder,  by  which  time  they  are 
perfectly  cool.  To  arrest  the  dust  carried  over  from  the  generator, 
the  coolers  are  open  at  the  bottom  and  sealed  with  water,  forming 
a  dost  trap  to  dleanse  the  gases.  It  is  said  that  they  are  of  uniform 
quality,  one  of  the  usual  difficulties  of  generators  being  thus  over- 
come, and  the  engine  works  very  regularly  in  consequence.  The 
average  calorific  value  of  the  gas  is  158  B  T.XJ.  per  cubic  foot^  but 
no  tests  by  scientific  experts  seem  yet  to  have  been  made.  The 
consumption  varies  from  f  to  1  lb.  of  anthracite  per  B.H.P.  hour.  In 
a  test  made  on  a  plant  supplying  gas  to  two  50  EL  P.  Stockport 
engines,  the  consumption  was  0*65  lb.  anthracite  for  the  generator, 
and  0'22  lb.  coal  for  the  bailer  per  B.H.P.  hour.  Bituminous  coal 
cannot  be  used  with  this  producer. 

Taylor  (Fiohet  and  Heurtey). — The  special  feature  of  this 
generator,  made  by  MM.  Fichet  and  Heurtey  in  France,  and  now 
usually  known  as  "  Gas  Mixte,"  is  that  most  of  the  heat  of  the  gases 
is  refunded  to  the  furnace,  instead  of  being  wasted  by  cooling  them 
in  the  scrubber.  The  process  is  called  ''Gas  Mixte"  because 
producer  and  water  gas  are  made  simultaneously,  by  injecting  air 
•charged  with  steam  into  the  centre  of  the  glowing  combustible. 
The  characteristic  features  of  the  generator  are  (1)  Utilisation  of 
some  of  the  waste  heat  of  the  sases  to  superheat  tne  steam  and  air, 
{2)  Lirge  quantity  of  steam  admitted,  and  (3)  High  pressure  of  the 
hot  air  sent  on  to  the  furnace.  The  air,  thoroughly  saturated  by  the 
large  amount  of  steam,  is  further  heated  by  passing  it  through  a 
regenerator,  in  the  contrary  direction  to  the  gases  from  the  furnace. 
Thus  charged  with  vapour  it  then  enters  the  generator  from  below, 
and  passing  up  through  the  clinker  moistens  and  prevents  it  from 
adhering  to  the  sides.  The  steam  being  superheated  before  it 
reaches  the  injector,  draws  in  with  it  a  considerable  amount  of  air, 
giving  a  high  pressure.  Although  common  and  poor  cheap  coal  can 
be  burnt  instead  of  anthracite,  owing  to  the  large  quantity  of  steam 
with  which  the  air  is  charged,  the  gas  produced  has  a  relatively  high 
calorific  value,  varying  from  168  to  196  B.T.TJ.  per  cubic  foot.  A 
separate  boiler  is,  however,  necessary.  There  is  no  grate,  the  coal 
being  charged  from  a  hopper  above  automatically  on  to  a  flat  hori- 
zontal iron  plate,  slightly  raised  in  the  centre,  through  which  the 
tube  passes  conveying  the  air  and  steam  blast.  The  bottom  of  the 
plate  is  covered  with  clinker,  and  the  steam  and  air  percolate  freely 
through  it.  To  clear  the  furnace  a  handle  outside  is  turned,  the 
iron  plate  revolves  slowly  on  its  vertical  axis,  and  the  clinker  is 
shaken  down  into  the  ash  box  below  ;  the  latter  is  emptied  once  a 
week.      Thus  the  furnace  is  mechanically  fed  and  cleared.     When 
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the  steam  is  brought  in  contact  with  the  glowing  fael,  it  is  immedi- 
ately decomposed  and  conrerted  into  water  gas,  and  enriches  the  gas 
formed  from  the  air.  Hitherto  it  has  not  been  possible  to  stimu- 
late the  production  of  water  gas,  because  the  water  lowers  the 
temperature  of  the  furnace  below  the  limit  of  combustion.  By 
highly  heating  the  air  this  difficulty  is  overcome,  enough  heat  being 
thus  furnished  to  counteract  the  cooling  effect  of  the  chemical  de- 
composition of  the  water. 

Jig.  89  gives  a  view  of  the  Fichet  and  Heurtey  gas  plant.  The 
steam  firom  the  boiler  enters  at  a,  and  passes  into  the  two  pipes  form- 
ing the  superheating  coil  v,  which  is  placed  in  the  direct  current 
of  hot  gases  firom  the  furnace.  At  I  the  steam  at  high  pressure 
passes  to  the  injector.  T  is  the  regenerator,  formed  by  a  number 
of  vertical  pipes  up  which  the  air  is  carried  by  the  steam  jet,  while 
the  hot  gases  descend  through  tube  t  The  arrows  mark  the  direc- 
tion. The  superheated  air  and  steam  then  pass  through  d  to  the 
bottom  of  the  furnace,  and  through  the  clinker,  entering  just  below 
the  combustible,  as  shown.  They  are  led  off  at  A  to  the  regenerator, 
and  thence  through  a  socket,  S,  and  a  regulating  valve,  R,  to  the 
washer  C,  a  column  filled  with  coke  moistened  with  water  fed  in 
at  D  through  a  hydraulic  cock.  From  hence  the  gases  pass  to  the 
purifier  E  and  the  gas  holder  G.  At  A  is  the  pipe  leading  to  the 
engine,  N  is  the  charging  hopper,  and  p  the  handle  to  revolve  the 
large  plate  forming  the  grate. 

A  number  of  these  <*  mixed  "  gas  producers  are  in  use  in  France 
and  elsewhere.  MM.  Fichet  and  Heurtey  have  already  supplied  35, 
driving  10  gas  engines,  with  an  aggregate  of  670  H.P.  There  is 
an  interesting  plant  near  Marseilles,  working  a  22  H.P.  Niel 
engine,  of  which  a  trial  will  be  found  in  Table  No.  5 ;  the  oon- 
samption  was  1*7  lb.  of  coke  per  B.H.P.  hour.  In  an  earlier 
trial  of  a  Schleicher-Schumm  Otto  engine,  driven  by  Taylor  gas 
(made  by  Winand  in  America),  the  consumption  of  anthracite 
was  1-3  lb.  per  B.H.P.  hour.  It  has  also  been  used  to  drive  a 
56  H.P.  Niel  engine. 

The  essential  characteristic  of  the  Pierson  producer  is  said  to  be 
that  the  gas  is  thoroughly  purified.  The  makers  consider  it 
undesirable  on  the  score  of  economy  to  restrict  the  number  of 
purifiers,  and  admit  a  gas  which  is  not  perfectly  cleansed  into 
an  engine  cylinder.  The  same  care  should  be  exercised  in  this 
respect  with  producer  as  with  lighting  gas,  and  the  generator  should 
form  an  essential  part  of  the  gas  engine.  Like  other  producers  the 
Pierson  yields  a  mixed  gas,  in  which  steam  and  air  combine  to  form 
H  and  CO.  The  gasholder  is  large,  and  the  gas  of  fairly  constant 
quality  and  heating  value.  It  is  contended  that  the  greater  the 
care  bestowed  upon  these  points,  the  better  will  an  engine  work 
when  driven  by  this  gas. 

The  producer  consists  of  a  small  high-pressure  boiler  and  an  air 
compressor,  from  which  a  regulated  quantity  of  air  and  steam  are 
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sent  on  to  the  generator.  The  mixture  is  previouslj  superheated, 
and  the  heat  thus  added  oounteracts  that  absorbed  hj  the  ohemical 
decomposition  of  the  steam.  Cheap  anthracite,  ooke,  or  poor  coal 
is  fed  in  automatically  from  a  hopper  above.  On  leaving  the 
producer  the  gases  are  condensed  in  a  cylindrical  cooling  tower, 
where  the  tar  is  deposited,  and  thence  led  to  the  washer,  a  column 
filled  with  coke  moistened  with  water,  where  the  ammonia  and  dust 
^ire  retained.  Lastly,  they  pass  to  the  purifier,  and  are  said  to  be 
<x>inpletely  freed  from  the  CO,  and  sulphuretted  hydrogen  before 
they  reach  the  gasholder.  All  the  parts  of  the  generator  are  large, 
and  ample  space  is  afforded  in  all  the  passages  and  connections, 
while  the  process  of  gas-making  is  purposely  retarded,  to  allow  time 
for  the  different  chemical  reactions. 

The  quality  and  pressure  of  the  gas  are  sometimes  tested  at 
intervals  during  its  production.  At  M.  DaneFs  Printing  Works  in 
the  North  of  France,  careful  calorimetric  tests  were  made  every 
half  hour  with  a  Junkers  calorimeter,  to  determine  the  heating 
value  of  the  gas,  and  remarkably  consistent  results  were  obtained. 
Taken  at  five  intervals  of  30  minutes  each,  at  0'  C.  and  76  cm. 
pressure,  the  heating  value  was  found  to  be  1325,  1306,  1301,  1316, 
and  1303  calories  per  cubic  metre,  equal  respectively  to  148*4, 146*2, 
145-7,  147-3,  145-9  B.T.U.  per  cubic  foot,  or  a  mean  of  146-7  B.T.IJ. 
per  cubic  foot.  Few  generators  give  such  uniform  heating  value 
per  hour.  From  1  kilo,  of  poor  non-bituminous  coal  4  cubic  metres 
of  this  gas  can  be  made,  equal  to  64  cubic  feet  per  lb.  M.  Pierson 
erected  8  or  10  generators  in  1898  in  France,  one  driving  a  150 
B.ELP.  Otto-Crossley  two-cylinder  engine. 

The  Wilson  producer  was  not  originally  intended  to  generate 
gas  for  driving  a  motor,  but  since  the  great  development  in  this 
direction  it  has  been  adapted  to  the  purpose.  It  has  neither  grate 
nor  bars,  the  fuel  resting  in  a  solid  mass  6  to  8  feet  high  upon  the 
hearth  itself.  The  producer  consists  of  a  cast-iron  cupola-shaped 
furnace,  into  which  the  combustible  is  charged  through  a  bell  and 
hopper;  a  slide  prevents  any  escape  of  gas  during  the  operation. 
In  the  centre  of  the  furnace  at  the  bottom  is  a  kind  of  box  with 
openings,  through  which  the  air  and  steam  are  drawn  in.  The 
steam,  generated  in  a  separate  boiler,  enters  through  an  injector, 
and  carries  air  with  it,  in  the  proportion  of  about  20  parts  of  air 
to  1  of  steam,  into  a  central  vertical  tuyere,  and  thence  the  two  are 
forced  into  the  fuel  to  decompose  it.  They  are  delivered  centrally, 
as  far  as  possible  from  the  sides,  in  order  that  they  may  thoroughly 
mix.  A  mass  of  glowing  combustible  is  soon  started  round  the 
tuyere,  and  as  this  reacts  upon  the  steam  and  air,  the  heat 
decomposes  them.  They  are  said  to  keep  the  tuyere  relatively 
cool,  so  that  it  does  not  burn.  Hydrogen  and  carbonic  oxide  are 
formed,  and  escape  upwards,  while  the  superincumbent  fuel  sinks 
gradually  down.  As  it  has  already  been  partially  distilled  while 
still  in  the  upper  part  of  the  furnace,  the  liberated  hydrocarbons 
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mix  with  the  ascencRng  H  and  CO,  and  are  led  off  through  openings 
at  the  top.  The  bottom  of  the  producer  rests  on  a  water  seal,  to 
prevent  the  escape  of  any  gas  below.  As  the  hot  ashes  sink  into 
the  water  morm  steam  is  generated,  ascends  through  the  fuel,  and 
increases  the  small  quantity  of  steam  already  produced  The 
clinker  and  ash  are  removed  automatically  by  a  screw  below  the 


Fig.  91.— Wilflon  Gas  Producer.     1899. 

water-line,  revolving  slowly  and  continuously.  As  the  fuel  is  kept 
slightly  moving,  the  clinker  does  not  adhere.  It  is  mechanicalJj 
discharged  along  an  inclined  plane,  as  shown.  The  blowers  for 
supplying  the  producer  give  any  pressure  of  gas  up  to  6  inches  of 
water. 

Wilson  gas  is  much  used  for  industrial  purposes,  and  if  it  be 
passed  through  a  scrubbing  plant  and  well  washed,  it  is  sufficiently 
pure  to  drive  an  engine.  It  is  said  to  be  specially  rich  in  com- 
bustible matter,  and  its  delivery  under  pressure  is  an  advantage. 
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Its  heating  value  was  calculated  by  Mr.  Stead  at  about  150  RT.TJ. 
per  cubic  loot,  and  in  an  engine  cylinder  the  gas  yields  about  1  H.P. 
per  Ih.  of  bituminous  slack  burnt.  This  producer  has  been  supplied 
to  over  100  manufacturing  firms  in  England.    Fig  91  gives  a  section. 

The  Oas  Motoren  Fabrik  Deutz,  near  Cologne,  was  one  of  the 
first  firms  to  adopt  cheap  or  producer  gas,  made  from  anthracite  or 
coke,  to  drive  engiues.  Since  1886  they  have  supplied  160  plants, 
serving  230  engines  with  an  aggregate  of  7500  B.H.P.  The 
average  composition  of  the  gas  produced  in  this  generator  will  be 
found  in  the  Table,  p.  252  ;  it  contains  42  per  cent,  of  combustible 
gas.  The  consumption  of  anthracite  varies  from  1  to  1*4  lb.  per 
B.H.P.  hour,  and  from  15  to  2  lbs.  of  coke.  Fig.  92  gives  a 
drawing  of  the  plant,  which  closely  resembles  the  Dowson.  To  the 
left  is  seen  the  boiler  (Dampfkessel),  in  the  upper  part  of  which  is 
the  coil  for  drying  and  superheating  the  steam.  The  latter  is  then 
led  off  to  the  generator  through  an  injector,  and  draws  in  with  it  a 
sufficient  quantity  of  air.  This  mixture  of  superheated  steam  and 
air  is  then  injected  into  the  bottom  of  the  furnace  through  three 
pipes,  any  one  of  which  can  be  shut  off  if  desired,  and  the  quantity 
of  steam  and  air  admitted  thus  varied,  but  not  their  relative  pro- 
portions. The  fuel  is  fed  in  through  a  hopper  at  the  top,  and  the 
gases  formed  are  led  off  to  a  box  with  water  seal  (Yorlage),  and 
thence  to  the  purifier  (Reiniger).  On  leaving  this  they  are  carried 
to  the  coke  scrubber,  and  on  to  the  holder,  not  shown.  The 
supply  of  gas  is  regulated  by  varying  the  opening  of  the  steam 
injection  valve.  Engines  driven  with  this  gas  give  20  per  cent, 
less  power  with  anthracite,  and  30  per  cent,  less  power  with  coke, 
than  when  using  lighting  gas.  The  producer  is  simple  to  work, 
and  no  high  chimney  is  required. 

Fielding  and  Flatt. — A  generator  on  the  Dowson  system  is 
also  made  by  Messrs.  Fielding  and  Piatt,  of  Gloucester,  to  work 
with  their  engines. 

Mend  Producer. — In  making  lighting  gas  from  coal  distilled  in 
closed  retorts,  the  gases  are  withdrawn,  and  non-volatile  carbon 
remains  as  coke.  In  power  gas,  practically  all  the  carbon  is 
converted  into  gas,  and  the  volume  of  gases  obtained  from  a  given 
weight  of  coal  is  greatly  increased,  but  for  years  it  was  found 
impossible  to  obtain  a  clean  gas,  free  from  tar,  except  with 
anthracite  or  coke  as  fuel.  Usually  no  attention  is  paid  to  the 
recovery  of  the  bye-products,  and  most  generators  are  worked  at  so 
high  a  temperature  that  the  ammonia  formed  during  gasification 
is  destroyed. 

These  disadvantages  are  overcome  in  the  producer  designed  by 
Dr.  Mond,  and  it  is  one  of  the  most  successful  which  has  yet 
appeared,  but  the  gas  requires  to  be  made  on  a  large  scale.  The 
objects  aimed  at  are  to  utilise  the  cheapest  bituminous  small  coal 
and  slack,  and  to  recover  the  ammonia  in  the  gas,  as  much  as 
90  lbs.  of  sulphate  of  ammonia  being  now  obtained  per  ton  of  fuel 
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burnt,  or  70  per  cent,  of  the  nitrogen  in  the  coal.     A  ton  of  cheap 
slack  yields  from   130,000  to   160,000  cubic  feet  of  gas.      These 
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results  are  obtained  by  introducing  a  large  quantity  of  steam,  more 
than  double  the  weight  of  coal,  into  the  generator ;  it  is  thus  kept 
at  an  equal  and  low  temperature,  the  coal  does  not  cake,  no  clinker 
is  formed,  and  there  are  very  few  tarry  deposits.  The  fuel  is  fed 
in  mechanically  in  quan- 
tities of  8  to  10  CWtS.  at  Ca^  Crmtp^  . 

a  time,  and  uniformity 
in  the  composition  of  the 
gas  is  said  to  be  secured 
by  the  air  blast  saturated 
with  steam.  Another 
advantage  is  that  the 
generator  is  fed  with 
common  bituminous 
slack,  and  even  with  a 
partially  caking  coal. 
This  may  be  said  to  be  at 
present  the  great  de- 
sideratum in  all  gas  pro- 
ducers, and  if  cheap 
common  slack  can  De 
burnt  in  them,  they  will 
probably  be  generally 
adopted  for  large  powers 
and  constant  work.  The 
ammonium  sulphate 
forms,  as  is  well  known, 
the  best  possible  manure. 
The  essence  of  the 
Mond  process  is  gasi- 
fication at  a  low  tem- 
perature, and  utilisation 
of  the  heat  developed  in  a 
regenerator.  At  the  large 
plant  in  use  at  Messrs. 
Brunner  and  Mond's 
works  at  Northwich, 
England,  the  coal  is  de*> 
livered  from  a  hopper 
into  a  coal  creeper  with 
suitable  openings  above 
the  row  of  producers  (see 
Fig.  93).  Each  producer 
bums  1  ton  of  slack  per 
hour,  and  is  served  automatically  with  sufficient  combustible  for  the 
day.  It  consists  of  a  double  wrought-iron  shell,  cylindrical  above 
and  cone-shaped  below,  partly  lined  with  firebrick,  the  whole  being 
supported  over  a  water  seal,  into  which  the  outer  shell  projects. 


Tig.  93.— Mond  Gas  Producer.     1899. 
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The  inclined  fire  bars  forming  the  grate  rest  upon  a  circular  cast- 
ing running  round  the  bottom  of  the  shell.  At  the  top  is  a  bell- 
ahaped  vessel,  into  which  the  slack  is  first  fed,  partly  aistilled  bj 
the  hot  furnace  gases,  and  the  tar  in  it  converted  into  a  fixed  gas 
as  it  passes  downwards.  The  ashes  fall  through  the  circular  grate, 
and  form  a  cone  extending  to  the  water  seal,  and  the  fresh  com- 
bustible rests  partly  upon  them.  After  being  drawn  through  the 
regenerator,  the  air  for  combustion  and  steam  enter  the  shell  at 
the  top,  are  forced  down  through  the  jacket  formed  by  the  doable 
cylindrical  lining  of  the  producer,  and,  after  being  thus  twice 
heated,  pass  into  the  grate  from  below.  It  is  on  their  contact  with 
the  burning  fuel  that  the  chemical  changes  take  place.  The  carbon 
burns  to  OOg  and  CO,  and  the  heat  decomposes  most  of  the  steam, 
liberates  a  large  quantity  of  hydrogen,  and  also  sets  oxygen  free  to 
combine  with  the  carbon. 

The  gas  thus  obtained  is  first  led  off  to  the  regenerators,  two 
conoentric  vertical  wrought-iron  tubes,  one  within  the  other,  which 
constitute  one  of  the  principal  features  of  the  apparatus.  The  air 
and  steam  blast  are  led  through  the  outer  pipe  on  their  way  to  the 
producer,  while  the  generator  gas  passes  in  the  contrary  direction 
through  the  inner,  and  an  exchange  of  heat  takes  place.  The  gas 
at  a  temperature  of  about  280*"  C.  is  next  passed  through  a  washing 
chamber,  where  water  is  sprayed  into  it,  the  gas  is  cooled,  and  steam 
is  formed  at  a  temperature  of  about  90*0.  The  mixture  then 
enters  the  *'  acid  tower,"  where  the  ammonia  is  withdrawn  in  the 
usual  way,  by  means  of  acid  liquor  containing  4  per  cent,  of  free 
sulphuric  acid,  and  thence  to  the  base  of  a  cooling  tower  12  feet  in 
diameter.  Here  they  are  met  by  a  current  of  cold  water,  the  steam 
is  condensed,  and  the  temperature  of  the  gas  rapidly  reduced. 
Thus  cleansed,  cooled,  and  freed  from  ammonia,  it  is  led  off  to  the 
gas  mains.  As  the  cold  water  entering  at  the  top  of  the  tower 
becomes  hot  in  its  descent,  it  is  pumped,  on  reaching  the  bottom, 
to  the  top  of  another  tower,  through  which  the  air  for  the  producer 
blast  is  blown  ;  the  one  is  heated  and  the  other  cooled.  A  double 
ram  pump  serves  the  two  purposes  of  sending  on  this  cold  water, 
and  the  hot  water  to  heat  the  air ;  the  latter  being  supplied  by  a 
blower,  the  gas  is  always  under  pressure.  One  ton  of  the  steam  is 
admitted  to  the  producer  with  the  air,  for  every  ton  of  coal 
treated,  the  remaining  1^  ton  of  steam  is  usually  taken  from  the 
exhaust  of  steam  engines  and  pumps,  if  such  are  available.  Much 
of  this  steam  is  not  decomposed,  but  condensed  on  leaving  the 
producer,  and  its  latent  heat  utilised.  About  one  million  cubic 
feet  of  this  gas  are  used  per  hour  in  the  works  at  Northwich.  The 
process  is  elaborate,  but  forms  almost  a  complete  cycle  of  heat, 
very  little  being  allowed  to  escape.  One  set  of  towers  wOl 
treat  the  gas  from  six  producers.  The  first  circular  producer  was 
started  in  1893,  at  the  Brunner  and  Moud  Chemical  Works,  at 
Winnington,   near  Northwich,  Cheshire,  and  has  been   working 
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Buccessfnlly  ever  since.  There  are  now  twenty  produoers  there. 
The  efficiency  of  the  system  of  regeneration  is  said  to  be  high. 
The  heating  value  of  the  gas  made  is  80  per  cent,  of  the  heating 
value  of  the  fuel  uaed,  which,  according  to  the  inventor,  is  a  higher 
heat  efficiency  than  is  obtained  with  other  produoers. 

A  peculiarity  of  Mond  gas  is  the  large  excess  of  air  required,  and 
high  percentage  of  CO,  produced,  but  the  latter  is  said  to  be 
coanterbalanced  by  the  amount  of  hydrogen  present.  Its  chemical 
analysis  will  be  found  at  p.  252.  The  gas  may  be  utilised  in 
the  same  way  as  blast  furnace  gases,  and  burnt  in  gas  engines  to 
drive  dynamos  for  a  central  power  station.  The  recovery  of  the 
sulphate  of  ammonia  alone,  if  worked  on  a  large  scale,  and  about 
20  tons  of  slack  per  day  treated,  is  said  to  be  sufficient  to  cover  the 
cost  of  the  fuel.  The  plant  is  rather  complicated,  but  if  properly 
worked,  and  a  good  price  is  obtainable  for  the  bye-products,  it  may 
be  said  to  give  power  for  practically  nothing.  To  utilise  bitu- 
minous coal,  containing  30  per  cent,  of  volatile  matter,  for  the 
prod  action  of  gas,  is  a  much  needed  improvement.  Like  a  blast 
furnace,  the  Mond  producer,  with  its  extensive  recuperation  of  heat, 
is  specially  suitable  to  the  generation  and  transmission  of  electrical 
energy  on  a  large  scale.  If  the  gas  engines  be  placed  close  to  the 
producer  plant,  part  of  the  waste  heat  from  the  exhaust  and  cooling 
jackets  may  be  utilised  to  heat  the  steam  and  air  for  the  producer. 
In  fact,  the  exhaust  gases  alone  would  give  sufficient  heat  to 
generate  all  the  steam  required  at  atmospheric  pressure. 

Messrs.  Brunner  and  Mond,  are  now  erecting  two  530  I.H.P. 
gas  engines  at  their  works,  coupled  direct  to  dynamos,  and  are  able 
to  use  slack  of  still  poorer  quality,  containing  only  62  per  cent,  of 
carbon,  without  affecting  the  quality  of  the  gas.  Mond  gas  was 
first  used  for  power  purposes  in  1894,  at  the  electric  station  at 
Northwich,  where  it  drives  three  100  H.P.  engines  with  very  satis- 
fiwtory  results. 

A  trial  of  this  gas  with  a  Crossley  engine  was  made  by  Mr. 
Humphrey  in  1895.  The  thermal  efficiency  was  23 -8  per  cent,  per 
I.H.P.;  heat  efficiency  of  the  generator  80  per  cent  The  engine 
drove  a  dynamo  at  a  speed  of  191  revolutions  per  minute.  Common 
slack  was  burnt,  and  yielded  160,000  cubic  feet  of  gas  per  ton. 
Details  of  the  trial  will  be  found  in  the  tables  of  power  gas.  The 
average  calorific  value  of  the  gas  taken  in  a  Junkers  calorimeter 
was  155  B.T.U.  per  cubic  foot.  A  new  Orossley-Otto  two-cylinder 
150  H.P.  engine,  worked  with  Mond  gas,  has  lately  been  erected,  to 
drive  a  dynamo  direct.  During  a  trial  of  this  engine  in  1897  the 
speed  was  162  revolutions  per  minute,  consumption  of  gas  65  cubic 
feet  per  I.H.P.  hour,  and  of  slack  092  lb.  per  I.H.P.  hour.  The 
heat  efficiency  was  26*8  per  cent,  per  I.H.P,  mechanical  efficiency 
83  per  cent.,  while  the  total  efficiency,  or  ratio  of  useful  electrical 
H.P.  to  total  I.H.P.  developed,  was  727  per  cent.  In  1898  it 
^as  tested  for  continuous  work.     At  90  per  cent,  of  the  full  load 
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it  ran  without  stopping  night  and  day  for  three  months,  whereas 
with  town  gas  the  valves  require  cleaning,  and  the  engine  mnst 
be  stopped,  once  a  fortnight.  During  the  run  the  average  thermal 
efficiency  was  25*5  per  cent.  The  engine  also  ran  139  days  coti- 
secutively  without  a  hitch,  from  January  to  June,  1899,  thus 
showing  the  great  purity  of  the  gas.  The  plant  at  Northwich 
bums  1  ton  of  fuel  per  hour,  yielding  from  130,000  to  160,000 
cubic  feet  of  gas,  equal  to  3000  H.P.  The  average  consumption  is 
about  1^  lb.  of  slack  per  electrical  H.P.  If  part  of  the  steam  is 
raised  in  a  separate  ooiler,  the  H.P.  per  ton  of  slack  will  be 
reduced  to  1500  per  hour.  The  power  required  to  drive  the  blower, 
pumps,  dashers,  elevators,  coal-handling  machinery,  dec,  is  1  H.P. 
per  ton  of  slack,  or  1^  per  cent,  of  the  gas  generated,  when  used 
to  drive  an  engine.  As  regards  the  cost  of  working,  if  a  good 
price  can  be  obtained  for  the  sulphur,  say  £S  lOs.  per  ton,  and 
the  slack  coal  can  be  bought  for  38.  a  ton,  the  cost  of  the  one 
will  cover  the  other,  including  the  working  expenses. 

To  meet  the  demand  for  power  engines,  smaller  producers  have 
been  designed,  burning  only  5  ton  of  slack  per  twenty-four  hours, 
equivalent  to  400  H.P.  In  these  the  ammonia  recovery  towers 
are  omitted,  and  the  construction  simplified.  Less  steam  is 
required,  and  sufficient  can  be  raised  entirely  from  the  exhaust 
of  the  gas  engine,  thus  affording  another  method  of  utilising  the 
heat.  Two  such  small  plants  are  now  in  course  of  construction. 
For  further  particulars  of  this  new  and  interesting  plant  see 
Froeeedinga  of  the  InatiitUion  of  Civil  EngineerSy  vol.  cxxix.,  p.  190, 
where  drawings  of  the  original  large  plant  will  be  found. 

Bioh^  Gaa  Producer  ftom  Wood. — This  is  an  interesting  and 
carefully  designed  producer,  though,  as  the  gas  is  generated  from 
wood,  where  it  is  cheap,  it  can  scarcely  be  applied  in  England 
It  is  the  fruit  of  much  scientific  study  by  M.  RicM,  and  is  founded 
on  the  principle  of  what  he  calls  ^'reversed  distillation,"  which  con- 
sists in  forcing  the  distilled  gases  to  pass  downwards  through 
glowing  combustible.  A  very  high  temperature  is  also  said  to  be 
maintained.  Hitherto  the  chief  difficulties  in  making  gas  from 
wood  have  been  the  large  quantity  of  bye-products  generated, 
and  of  lime  required  to  purify  it.  Both  have  been  overcome  in 
Rich6's  process  of  reversed  distillation,  but  at  the  sacrifice  of  a 
certain  amount  of  valuable  products. 

If  wood  be  heated  in  a  retort,  the  heat  first  carbonises  the 
external  surface,  and  only  slowly  penetrates  to  the  internal  layers. 
The  gases  contained  in  the  woody  structure,  and  liberated  by  the 
action  of  the  heat,  are  at  first  very  volatile.  If,  as  they  pass  out, 
they  meet  a  much  higher  temperature,  produced  not  only  by  the 
heat  applied,  but  by  the  external  layer  of  glowing  wood  with  which 
they  come  in  contact,  dissociation  takes  place.  Part  of  the  gases 
are  converted  into  fixed  hydrocarbons,  and  help  to  enrich  those 
already  formed.     Rich^,  therefore,  passes  the  products  of  distills- 
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tion  through  a  column  of  red-hot  coke  or  charcoal,  and  obtains  a 
highly  calorific  gas  which,  although  not  luminous,  is  rich,  because, 
being  produced  in  closed  retorts,  it  contains  practically  no  nitrogen. 
Its  composition  will  be  found  in  the  table,  p.  252.  It  has  a  heating 
yalae  of  about  340  B.T.U.  per  cubic  foot,  and  thus  occupies  an 
intermediate  position  between  lighting  and  poor  gas,  being  about 
2^  times  as  rich  as  the  latter ;  but  it  cannot  be  used  to  give  light 
unless  carburetted.  As  the  flame  bums  at  2000*  C.  =:  3632'*  F.,  the 
gas  thus  made  is  valuable  where  wood  can  be  cheaply  procured. 
About  100  cubic  metres  of 
gas  are  produced  per  100 
kilos,  of  wood  burnt,  or  16 
cubic  feet  per  lb.,  and  in  a 
gas  engine  cylinder  it  yields 
an  average  of  1  H.P.  per 
35  cubic  feet  There  are  no 
tarry  or  other  products,  and 
the  charcoal  from  the  retorts 
is  said  to  be  almost  as  valu- 
able as  the  wood  from  which 
it  is  made. 

The  gas  is  produced  in 
closed  cast-iron  retorts,  of 
which  there  are  usually 
several,  worked  singly  or 
together,  according  to  the 
power  required.  Each  retort 
is  made  in  duplicate,  and 
consists  of  one  vertical  brick 
flue,  divided  into  two  smaller 
parallel  flues,  in  each  of  which 
an  iron  retort  is  suspended. 
The  two  flues  communicate 
through  a  wide  pipe.  The 
process  of  distilling  the  ffases 
from  the  wood  is  carried  out 
in  one  retort,  and  it  is  decom- 
posed and  fixed  in  the  other. 


Fig.  94. —Wood  Gas  Producer— 
Section  (Rioh4).     1899. 


The  distilling  retort  is  a  cylindrical 
vessel,  closed  below  by  a  cast-iron  plug  and  joint,  and  shown  to  the 
left  in  the  drawing  (Fig.  94).  The  other,  called  the  reducing 
retort,  to  the  right,  is  of  the  same  shape  above,  but  terminates 
below  in  a  conical  foot,  prolonged  into  a  hydraulic  box,  into  which 
the  pipe  for  carrying  ofi*  the  gases  projects  below  the  level  of  the 
water.  The  retorts  are  heated  by  a  Siemens  furnace  burning  fine 
dust  coal  or  coke,  generally  placed  in  the  centre  of  the  producer 
(see  drawing),  and  the  gases  of  combustion  circulate  freely  through 
all  the  flues.  The  drawing  gives  only  one  set  of  retorts,  but  there 
are  usually  three   or  four,  all  enclosed   in  the  same  brickwork 
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chamber,  and  protected  by  a  light  iron  covering  or  roof.  The 
gases  pass  from  one  to  the  other  in  the  direction  of  the  arrows. 
Air  for  combustion  is  admitted  above  the  furnace,  through  a  hole 
in  the  charging  door,  the  size  of  which  the  'stoker  can  regulate 
at  will 

To  make  the  gas  the  furnace  is  kindled,  and  the  gases  of  com- 
bustion pass  direct  to  the  foot  of  the  reducing  retort,  which  most 
be  brought  to  a  bright  cherry  red,  before  the  producer  can  he 
started.  The  top  cover  is  then  removed  from  the  distilling  retort, 
and  a  small  charge  of  charcoal  dust  fed  in,  forming  a  layer  at  the 
bottom,  to  preserve  the  joints,  and  improve  the  quality  of  the 
charcoal.  Upon  this  dust  the  wood  is  charged,  the  quantity 
depending  on  the  temperature  of  the  producer,  and  the  amount  of 
gas  required.  Distillation  then  proceeds,  and  the  charcoal  pro- 
duced sinks  down,  is  withdrawn  from  time  to  time  from  the 
bottom,  and  used  to  feed  the  other  retort,  which  is  always  filled 
three-quarters  full.  The  gases  pass  over  through  the  glowing 
charcoal  into  the  hydraulic  box,  and  thence  direct  to  the  holder. 
If  the  wood  is  too  dry,  a  little  water  heated  by  the  waste  gases 
from  the  furnace  is  dropped  into  the  retort,  and  increases  the 
quantity  of  water  gas  produced.  The  speed  of  the  gases  is  care- 
fully regulated,  in  order  that  they  may  be  freed  from  all  tarry  and 
acid  vapours,  and  from  most  of  the  00^,  hydrocarbons,  Ac 
Usually  the  wood  is  damp  enough  to  form  steam,  and  carry  olf 
the  tar  and  OCL.  The  only  residual  product  is  the  charcoal,  a 
small  portion  of  which  is  utilised  in  the  reducing  retort.  Here 
the  principle  of  reversed  distillation  is  carried  out,  and  upon  the 
temperature  in  this  retort,  and  the  renewal  of  the  charcoal  from 
time  to  time,  the  quantity  and  quality  of  the  gas  made  depend 
The  water  takes  up  some  of  the  waste  heat,  and  reduces  the 
pressure  in  the  retorts.  The  process  of  distillation  is  completed  in 
from  half  an  hour  to  an  hour. 

The  Rich^  system  has  been  much  criticised  by  M.  Lencauchez, 
especially  with  regard  to  the  temperature  in  the  retorts.  If  they 
are  externally  at  800*  or  900*  C,  this  would  represent  an  internal 
temperature  of  1400°  or  1500",  and  the  cast  iron  would  melt  11 
fire-clay  instead  of  cast-iron  retorts  were  used,  there  would  at  this 
temperature  be  only  2  or  3  per  cent,  of  OOo  instead  of  21  per  cent, 
but  the  hydrocarbons  would  be  destroyed  by  dissociation.  All 
town  gas  works  use  fire-clay  retorts,  partly  on  account  of  the 
injurious  action  of  the  water  vapour.  In  this  process  they  cannot 
be  employed,  because  of  the  high  temperatures  required,  but  the 
cast  iron  is  said  to  be  of  special  quality.  From  what  the  author 
has  seen  they  do  not  last  long,  and  this  is  the  chief  expense  in  these 
producers.  According  to  M.  Rich6,  the  temperature  in  the  retorts 
does  not  exceed  500*  to  550*  C,  but  at  times  it  must  rise  to  800^  to 
900*,  as  proved  by  the  chemical  reactions  taking  place.  Although 
the  charcoal  produced  is  not  ordinary  commercial  charcoal,  it  is  said 
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to  be  quite  as  good,  because  the  tar  in  the  wood  is  decomposed,  and 
the  carbon  thus  liberated  becomes  incrusted  in  the  pores  of  the  char- 
coal, and  counteracts  the  effects  of  the  water  vapour. 

In  a  plant  producing  1412  cubic  feet  of  gas  per  hour  there  are 
three  sets  of  double  retorts,  and  two  Siemens  furnaces,  one  to  work 
the  producer,  the  pther  as  a  reserve.  At  the  Ivry  Works  there  are 
four  sets  of  retorts.  The  apparatus  is  rather  a  gas  furnace  than  a 
producer,  and  its  efficiency  depends  upon  the  kind  of  wood  used, 
and  amount  of  moisture  it  contains.  From  220  lbs.  of  wood,  as 
much  as  4000  cubic  feet  of  gas,  and  from  40  to  44  lbs.  of  charcoal  of 
good  quality  have  been  obtained.  M.  Rich^  claims  to  make  gas  by 
this  process  not  Only  from  wood,  but  from  shavings,  as  in  a  mill  at 
Calais,  where  about  3  tons  per  day  of  wood  refuse  and  shavings, 
sawdust^  &c.,  formerly  wasted,  are  now  partly  converted  into  gas, 
furnishing  power  to  drive  the  machinery.  Peat,  tan,  bark,  cotton 
and  paper  waste,  <fec.,  may  also  be  utilised.  It  is,  however,  a  recog- 
nised fact  that  gas  made  in  retorts,  whether  from  wood  or  coal,  does 
not,  like  producer  gas,  give  the  maximum  heat  efficiency  in  the 
fuel. 

Rich^  gas  has  been  applied  to  several  types  of  engines,  and 
officially  tested.  The  first  producer  is  still  working  in  Peru,  and 
gives  a  gas  distiUed  from  petroleum,  driving  engines  of  120  H.P. 
A  small  Orossley  engine  was  tested  in  London  in  1898.  At  its 
maximum  power  of  5*72  B.H.P.  the  consumption  was  35*3  cubic  feet 
per  hour  per  B.H.P.  At  M.  Rich^'s  factory  at  Lisors  several 
French  experts  tested  in  1898  a  Charon  12  H.P.  engine,  with 
11*4  inches  cylinder  diameter  and  18  inches  stroke.  The  gas  con- 
tained 18  per  centw  COj  and  22  per  cent.  CO,  and  the  pressure  at 
the  holders  was  nearly  2  inches.  At  full  power  and  a  speed  of 
165  revolutions  per  minute,  the  engine  developed  13*9  B.H.P.,  and 
the  consumption  was  28*5  cubic  feet  per  RH.P.  hour. 

Another  series  of  trials  was  made  at  the  Scierie  Fran9aise  at 
Calais,  in  the  same  year,  on  a  55 -25  B.H.P.  two-cylinder  Charon 
engine,  driven  by  Rich6  gas.  A  single  retort  formed  the  producer, 
and  generated  1765  cubic  feet  of  gas  per  hour.  During  forty-eight 
hours  3  tons  of  wood,  chiefly  waste  from  the  sawmill,  and  1*3 
ton  of  small  French  coal  were  burnt,  producing  1  ton  of  charcoal 
containing  60  per  cent,  moisture,  and  a  rich  gas  having  a  heating 
value  of  336  B.T.XJ.  per  cubic  foot.  M.  Lencauchez  maintains  that 
if  this  wood  and  coal  had  been  gasified  in  the  ordinary  way,  and  not 
in  closed  retorts,  they  would  have  yielded  very  much  more  gas, 
though  of  a  calorific  value  of  only  164*4  B.T.n.  per  cubic  foot,  and 
he  calculates  the  loss  due  to  the  Rich^  process  at  36*5  per  cent,  of 
heat,  and  23  per  cent,  in  motive  power.  At  the  Electric  Works  at 
Ivry  (Eure)  the  Rich^  producer  drives  a  Charon  engine  of  35  H.P. 
and  two  10  H.P.  Niel  engines.  The  producer  yields  2507  cubic 
feet  of  gas  for  every  220  lbs.  of  wood,  and  the  usual  average  output 
is  about  2824  cubic  feet  and  33  to  44  lbs.  of  charcoal  per  220  lbs.  of 
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wood  supplied.  The  consumption  in  the  engine  tested  was  32*7 
cubic  feet  of  gas  per  H.P.  hour. 

With  slight  structural  modifications  nearly  ail  types  of  gas  engines 
can  be  worked  with  Rich6  gas,  and  develop  practically  the  same 
power  as  with  lighting  gas.  Seven  Charon  engines  are  now  run- 
ning, and  12  Otto  engines,  besides  several  others,  are  either  at  work 
or  about  to  start.  Thirty  plants  have  been  already  laid  down.  The 
cast-iron  retorts  are  short  lived,  and  these  require  modification. 

Heat  Efficiency. — In  a  valuable  paper  on  the  ''Efficiency  of 
Gas  Producers  "  by  Mr.  Jenkin,*  the  writer  is  of  opinion  that  a  gas 
of  high  calorific  value  is  of  more  importance  than  a  high  efficiency  of 
the  producer.  To  determine  the  latter  the  gas  must  be  analysed,  and 
the  percentage  of  carbon  in  the  coal  and  in  the  ashes,  beating  value 
of  the  coal,  and  temperature  of  the  eases  known.  Samples  should  be 
frequently  taken  at  difierent  periods  after  stoking,  and  drawn  off  for 
a  longer  or  shorter  time.  The  gas  must  be  separately  analysed  for 
CO3,  CO,  H,  O,  CH^  and  defiant  gas,  CgH^.  The  Hempel  process 
is  usually  employed,  and  the  gas  passed  into  successive  pipettes  con- 
taining the  various  absorbing  reagents.  The  heating  value  may  be 
determined  either  by  burning  a  sample  in  a  calorimeter,  or  by  analys- 
ing the  gas,  and  calculating  the  heating  value  of  each  of  its  chemical 
constituents.  Both  methods  should  when  possible  be  used  to  check 
each  other ;  the  calorimetric  is  perhaps  the  more  accurate.  As  the 
variations  of  temperature  in  the  prooucer  greatly  afiect  the  quality 
of  the  gas  made,  they  should  be  minimised  as  much  as  possible,, 
and  should  always  be  noted. 

In  calculating  the  efficiency  of  a  producer,  Mr.  Jenkin  classifies 
it  under  cold  gas  efficiency — that  is,  deducting  the  sensible  heat  of 
the  gas,  and  hot  gas  efficiency,  including  the  sensible  heat.  As  a 
rule,  the  heat  of  combustion  of  the  gas  is  divided  by  the  heat  of 
combustion  of  the  coal  from  which  it  is  made.  To  this  Mr.  Jenkin 
adds  the  proportion  of  carbon  in  the  coal  and  that  in  the  gas, 
estimated  by  difference  from  the  carbon  in  the  ash.  The  heat  of 
combustion  of  the  gas  is  known  by  volumetric  analysis  of  its 
chemical  constituents.  The  "  Figure  of  Merit "  is  a  &ctor  obtained 
by  dividing  this  calorific  value  by  the  weight  of  carbon  contained 
in  a  unit  volume,  the  product  being  the  heat  of  combustion  of  the 
gas  in  question,  per  unit  weight.  Examples  of  this  method  of 
calculating  the  efficiency  of  various  gas  producers,  which  he  con- 
siders as  important  as  the  calorific  value  itself,  will  be  found  in 
the  appendix  to  Mr.  Jenkin's  paper.  The  proportion  of  carbon  in 
the  gas  shows  the  efficiency  of  the  grate,  and  of  the  method  of 
combustion  for  a  given  fuel. 

The  difference  between  the  hot  gas  and  the  cold  gas  efficiency  is 

the  sensible  heat  per  unit  volume  of  the  gas.     This  is  equal  to  the 

temperature  of  the  gas  minus  the  temperature  of  the  atmosphere, 

multiplied  by  the  specific  heat  by  volume  of  each  of  the  gases  of 

♦  Proceedings  Inst,  Civil  Engineers,  vol.  cxxiii.,  p.  347. 
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which  it  is  composed.  The  temperature  of  the  atmosphere  may 
usuallj  be  neglected  in  a  gas  having  a  temperature  Tarjring  from 
700*  to  900*  C.  The  higher  its  calorific  value  the  lower  the  ratio 
of  the  sensible  heat  to  the  heat  of  combustion  of  the  coal,  and 
consequently  the  smaller  the  difference  between  the  hot  gas  and 
the  cold  gas  efficiency.  Although  the  proportion  of  steam  in  a  gas 
should  be  as  low  as  possible,  there  will  always  be  a  certain  amount 
which  affects  its  efficiency.  If  steam  is  supplied  by  a  jet,  as  in  the 
Dowson  producer^  the  heat  required  for  this  steam  may  be  taken 
into  account,  although  it  has  little  influence  on  the  efficiency.  An 
important  point  is  the  working  of  the  producer.  This  depends  on 
the  method  of  introducing  the  air;  to  give  the  best  results  it 
should  be  admitted  centrally,  the  thickness  of  the  fuel  should  be 
between  3  and  4  feet,  and  the  consumption  about  3  cwts.  per  hour 
for  a  producer  having  a  volume  of  40  cubic  feet.  The  quantity  of 
steam  admitted  may  be  greatly  varied  without  affecting  the 
efficiency,  but  the  pressure  of  the  blast  should  be  from  1|  inch  to 
If  inch  of  water. 

Professor  Meyer  raises  the  temperature  of  the  air  entering  a 
generator  by  bringing  it  in  contact  with  the  hot  products,  before 
they  go  to  waste  into  the  atmosphere.  This  should  increase  the 
thermal  efficiency  of  the  generator,  and  the  author  considers  it  a 
distinct  step  in  advance. 

The  following  data  of  a  test  on  a  40  B.H.P.  gas  plant  (from  Mr. 
DowBon's  paper  "  Qas  Power,"  1899)  may  be  useful  to  students : — 
One  lb.  of  anthracite  gasifled  in  generator,  and  0'14  lb.  of  coke 
in  boiler  yielded  78;3  cubic  feet  of  gas  (at  32*  F.  and  29*9  inches 
pressure),  having  a  calorific  value  of  175  B.T.U.  per  cubic  ft.  The 
heat  balance  was  as  follows — 


B.T.U. 

1  lb.  anthracite,       .        .     14,760 

0*14  lb.ookeatl2,9e0B.T.U.  )    .  ^i^ 

per  lb.,    .        .        .        .  {    ^'^^^ 

Total  heat  in  fuel,     .     16,570 


B.T.tT« 

7S*3  oubio  feet  of  gas  at  175  )  ,»  taa 

B.T.U.  per  cub.  foot,      .  {  ^^*^^ 

Heat  lost  in  process,     .        •      2,870 


16,570 


13  700 
Efficiency  of  gas  plant  =     '       =  '827  =s  82-7  per  oenU 


This  is   a  very  high  efficiency,  and  probably  not  very  often 
realised. 
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CHAPTER  XII. 

UTILISATION  OF  HIGH  FURNACE  AND  COKE 
OVEN  GASES  FOR  POWER. 

Contents. — High  Furnace  Gases — Chemical  Composition — Consumption  of 
Furnace  Gases — Utilisation — Economy — Difficulties — ^Heating  V  alue  — 
Compression — Fluctuations  in  Composition— Dust— Methods  of  Purifying 
the  Gas — Gas  Engines  and  Air  Blowers — Large  Power  Engines — ^History 
—  Experiments  —  Applications  in  Different  Countries  —  Conclusions  — 
Summary — Gas  from  Coke  Ovens — Grerman  Power  Plant  at  Streckau. 

Internal  combustion  engines  have  now  reached  a  point  in  their 
development,  in  which  waste  gases,  and  gases  other  than  those 
generated  from  coal  and  oil,  may  be  utilised  to  drive  them.  This 
branch  of  the  subject  is,  perhaps,  still  in  the  experimental  stage, 
but  it  bids  &ir  to  become  of  such  importance  that  a  brief  account 
of  the  rapid  progress  made  within  the  last  two  or  three  years  (and 
since  the  publication  of  the  second  edition  of  this  book)  is  neces- 
sary. In  most  countries  internal  combustion  engines  are  no  longer 
on  their  trial,  but  have  been  sufficiently  developed  to  inspire 
engineers,  mill  owners,  and  commercial  men  with  confidence,  and 
to  be  applied  in  very  many  directions.  Within  the  la^t  few  years 
successful  attempts  have  been  made  to  derive  motive  force  from 
them  by  means  of  various  gases  now  known  to  be  at  our  disposal. 
Power  is  often  required  in  countries  where  there  is  no  coal,  and 
oil  is  dear  and  not  available.  In  such  cases,  acetylene,  gas  made 
from  wood,  alcohol,  (fee,  may  be  used. 

High  Fumaoe  Gktses.— Of  far  greater  importance  than  any  of 
these  are  gases  hitherto  wasted,  which  can,  when  scientifically 
treated,  be  turned  to  account,  and  made  to  yield  exceedingly 
valuable  results.  The  utilisation  of  gases  from  high  or  blast  fur- 
naces to  drive  gas  engines  in  large  pig  iron  works,  although  first 
tried  in  an  experimental  way  only  a  few  years  ago,  is  one  of  the 
most  important  recent  developments  of  engineering  skill.  It  has 
been  proved  practically  beyond  a  doubt  that  combustion  engines, 
when  placed  near  these  large  pig  iron  furnaces,  can  be  fed  directly 
with  the  gases  from  them,  and  power  may  be  thus  obtained  and 
heat  utilised  from  what  was  formerly  regarded  as  a  waste  product. 
Even  now  the  gases  are  oflen  burnt  at  the  top  of  the  furnace  to  get 
rid  of  them.  Till  within  the  last  few  years  the  usual  custom  in 
blast  furnaces  has  been  to  utilise  about  half  the  gases  produced,  by 
burning  them  under  steam  boilers  to  generate  steam  for  driving  the 
blowers  and  to  heat  the  air  blast,  and  allow  the  remainder  to  go  to 


UTILISATION   OF    HIGH   FURNACE  GA8K8.  199 

iraste.  As  they  were  considered  of  no  value,  little  care  was  taken 
^o  bum  the  gases  economically.  Quite  recently  the  startling  and 
practical  discovery  was  made  that  the  blast  furnace,  besides  its 
primary  object  of  producing  pig  iron,  forms  an  ideal  gas  generator, 
and  the  same  process  is  carried  out  in  it  as  in  a  generator  yielding 
cheap  or  power  gas.  As  is  so  often  the  case,  the  idea  of  turning 
these  gases  to  account  occurred  almost  simultaneously  to  inventors 
in  different  countries.  Their  application  to  produce  power  in  an 
engine  cylinder  was  made  concurrently  with  the  latest  develop- 
ments in  gas  producers,  but  we  have  much  yet  to  learn  in  this 
respect. 

Chemioal  Composition. — The  products  of  combustion  in  these 
furnaces  contain  from  24  per  cent,  to  34  per  cent,  of  combustible 
gases.  As  a  rule,  the  latter  form  one  part,  chiefly  CO,  with  a  small 
proportion  of  hydrogen  and  marsh  gas,  to  two  parts  of  inert  nitrogen 
diluted  with  00^.  How  the  CO  is  formed  in  the  furnace,  whether 
at  once,  or  whether  it  passes  through  the  intermediate  stage  of  COg 
seems  doubtful,  but  as  the  gases  ascend  through  the  cooler  strata 
of  combustible  and  fresh  ore  at  the  top  of  the  furnace,  more  CO  and 
less  CO2  is  generated.  Combustion  is  checked,  but  the  gases  under 
these  condition^  are  more  suitable  for  an  engine  cylinder,  because 
they  contain  a  larger  store  of  potential  energy.  CO  bums  with  a 
transparent  blue  flame,  and  is  not  suitable  for  steam  raising,  because 
it  contains  little  heat.  Therefore  when  burnt  under  a  boiler  to 
generate  steam,  high  furnace  gases  give  an  average  of  only  400  H.P, 
per  ton  of  pig  iron.  But  if  exploded  in  the  cylinders  of  gas  engines 
of  modern  type,  with  the  proper  proportion  of  air,  as  at  Seraing, 
Glasgow,  Hoerde,  and  other  places,  they  yield  about  five  times  as 
much  power.  In  other  words,  the  same  quantity  of  gas  will  give 
1  H.P.  when  used  to  heat  a  steam  boiler  for  a  fairly  good  steam 
engine,  and  5  H.P.  when  fired  direct  in  a  gas  engine  cylinder. 

Consumption  of  Furnace  Gtases. — The  economy  to  be  obtained 
by  the  application  of  this  new  motive  power  has  already  been 
placed  beyond  question.  German  and  other  authorities,  professors, 
engineers,  and  practical  men,  seem  to  be  agreed  upon  this  point, 
though  in  England  progress  is  less  rapid.  Professor  Meyer,  one  of 
the  pioneers  in  this  important  industrial  development,  thus  roughly 
estimates  the  saving  to  be  effected.  If,  he  says,  the  casting  of 
1  ton  of  pig  iron  yields  about  158,895  cubic  feet  of  waste  gases, 
having  a  heating  value  of  90  to  112  B.T.U.  per  cubic  foot,  and  if  of 
these  as  much  as  60  per  cent,  are  required  to  heat  the  air  blast  and 
blowers,  the  remaining  40  per  cent,  will,  with  an  estimated  con- 
sumption of  4  cubic  metres  of  these  gases,  equal  to  141*2  cubic 
feet  per  I.H.P.  hour,  furnish  20  I. H.P.  in  a  gas  engine  per  ton  of 
iron  melted.  This  is  a  higher  estimate  of  the  consumption  of 
these  gases  than  is  usually  considered  necessary.  Again,  taking 
the  fuel  burnt  as  a  basis  of  calculation,  if  the  heat  developed 
yields   1    H.P.   for    every   2   lbs.    of   combustible    burnt  in  the 
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fumaoe,  or  about  double  the  quantity  allowed  in  power-gas 
plants,  and  1  lb.  of  this  fuel  be  utilised  for  driving  the  blowen 
and  heating  the  air  blast,  this  will  leave  ^  H.P.  per  lb.  of  fuel,  a* 
1120  H.P.  per  ton  of  iron  available  for  power.  The  production  cf 
the  furnace  gases  has  been  estimated  at  from  170,000  to  200,000 
cubic  feet  per  ton  of  iron  melted.  The  larger  the  yield  the  poorer 
the  quality  of  the  gas,  because  it  contains  more  nitrogen.  Makii^ 
a  wide  allowance  for  waste  of  heat,  this  would  give,  say,  1  lb.  «f 
fuel  per  electrical  H.P.,  if  the  power  be  applied  to  drive  a  dynam*. 
At  the  iron  works  of  the  Soci^t^  Cockerill,  at  Seraing  in  Belgium, 
600  tons  of  iron  are  melted  daily.  Till  within  the  last  few  years 
40  per  cent,  of  the  waste  furnace  gases  have  been  burnt  under 
boilers  to  generate  steam,  producing  2300  H.P. — ^that  is,  only 
enough  power  to  drive  the  blowers,  pumps,  and  fiimaoe  hoists. 
With  the  present  methods  22  cubic  metres  of  gas  are  required 
to  produce  1  H.P.,  and  18  cubic  metres  are  practically  wasted, 
or  in  round  numbers  about  10,000  H.P.  Each  ton  of  pig  iron 
made  yields  from  150,000  to  180,000  cubic  feet  of  gas.  Taking 
about  140  cubic  feet,  or  4  cubic  metres,  as  the  consumption  per 
H.P.  hour,  in  a  gas-engine  cylinder  this  would  give  about  1300 
H.P.  per  hour  per  ton  of  iron.  The  aggregate  from  all  the  furnaces 
at  Seraing  is  therefore  from  12,000  to  14,000  H.P.  If  of  this  from 
one-fifth  to  one-sixth  (2000  to  2500  H.P.)  are  required  to  drive 
the  blowing  engines,  pumps,  Ac,  the  remainder  would  be  available 
for  other  purposes. 

Utilisation. — ^The  following  calculations  taken  from  Herr 
Liirmann's  article  in  Stahl  und  EtBen,  April  23,  1899,  refer  to  pig- 
iron  works  in  Germany,  but  they  can  easily  be  applied  by  English 
masters  to  their  own  output. 

The  two  main  questions  in  regard  to  the  use  of  high  furnace 
gases  in  internal  combustion  engines  are,  according  to  Herr 
Lurmann : — 

1.  How  much  power  can  be  generated  with  gases  not  required  for 
the  production  of  iron  ? 

2.  How  much  money  can  be  made  out  of  the  power  thus  avail- 
able f 

In  Professor  Meyer's  experiments  on  a  60  H.P.  engine  at 
Differdingen,  in  Luxemburg,  the  most  complete  tests  yet  made  on 
high  furnace  gases,  the  consumption  at  full  power  was  2-28  cubic 
metres  »  80*5  cubic  feet  per  I. H.P.  hour  of  gases  having  a  heating 
value  of  948  calories  per  cubic  metre  =  106  B.T.U.  per  cubic  foot 
It  is  better,  however,  to  take  the  average  consumption  at  123*5 
cubic  feet  per  I. H.P.  hour.  Reckoning  to  each  ton  of  pig  iron 
163,590  cubic  feet  of  furnace  gas,  having  a  mean  heating  value  of, 
say,  101  B.T.U.  per  cubic  foot^  of  these  45,903  cubic  feet  or  28  per 
cent,  are  requirea  to  heat  the  air  for  the  blast.  In  practice  the 
consumption  is  higher,  because  there  has  hitherto  been  no  neoessitj 
for  economy.     If  10  per  cent  or  16,348  cubic  feet  be  taken  for  loss 
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in  pipes,  4pc.,  we  get  as  available  for  power  2870  cubic  metres  » 
101,340  cubic  feet,  or  62  per  cent,  per  ton  of  iron  treated.  Now 
these  surplus  gases  may  be  utilised  in  three  different  ways — I.,  The 
bulk  may  be  burnt  unaer  boilers ;  or  II.,  part  may  be  burnt  under 
boilers,  and  the  rest  used  in  gas  engines  ;  or  III.,  all  the  gases  may 
be  used  in  engine  cylinders.  In  the  latter  case  the  air  blast  for  the 
high  furnace  may  be  driven  by  a  gas  engine.  The  following  table 
summarises  the  methods  of  treatment  under  these  three  heads : — 


Utiusatiok  of  High  Fvbkagx  Gasxs  per  ton  of  Ibon  Melted. 


I. 

Cub.  Met 

Cubic  Feet. 

Per  Cent. 

Waste  in  furnace  and  pipes. 
Heating  the  air  blast, 
Driving  the  blowing  engines,     . 
Balance  available  for  other  purposes, 

(For  boilers.) 

463 
1300 
1820 
1050 

16,348 
45.943 
64,264 
37,075 

Total. 

1000 
28-06 
39-28 
22-66 

10000 

II. 

Waste  in  furnace  and  pipes. 

Heating  the  air  blast, 

Driving  the  blowing  engines,     . 

(For  boilers  and  gas  engine^. ) 

4S3 
1300 
1820 
1050 

16,348 
45,943 
64,264 
37,075 

Total, 

10-00 
28-06 
39-28 
22-66 

10000 

III. 

Waste  in  furnace  and  pipes, 
Heating  the  air  blast, 
Driving  the  blowing  engines,     . 
Balance  available  for  other  purposes. 

463 
1300 

504 
2366 

16,348 
45,943 
17,796 
83,543 

Total, 

10-00 
28-06 
10-87 
51-07 

(Gas  engines  only.) 

100-00 

In.  1898,  7,403,717  tons  of  pig  iron  were  produced  in  Germany, 
or  20,280  tons  per  day.  The  available  gases  might  be  converted 
into — 

Under  Head  L     70,000  H.P.  per  day,  or   3*46  H.P.  per  ton  of  pig  iron. 
„    II.    263,500    „  „  12-60     „ 

„  m.    570,000    „  „  2816    „ 
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Thus  the  diiference  between  the  present  method  and  the  utilisa- 
tion of  al}  the  gases  in  gas  engines,  would,  after  providing  necessary 
power  for  the  furnaces,  amount  to  24*7  H.P.  per  ton  of  iron,  or  in 
round  numbers  50,000  H.P.  per  day.  Assuming  that  the  blowers 
are  driven  by  gas  engines,  Herr  Lurmann  calculates  a  theoretical 
saving  of  nearly  Ss.  per  ton  of  iron  melted.  If  only  50  per  cent,  of 
this  saving  were  realised,  or  3s.  per  ton,  it  would,  taking  the  price  of 
coal  in  Germany  at  lOs.  per  ton,  amount  in  the  year  to  over  one 
million  sterling.  If  it  is  possible,  as  these  figures  seem  to  prove, 
to  effect  an  economy  of  3s.  per  ton  of  pig  iron,  this  new  method  of 
obtaining  power  is  worthy  of  the  serious  attention  of  all  iron- 
masters. Probably  about  two  million  H.P.  might  thus  annually 
be  turned  to  real  account,  instead  of  being  wasted,  in  England 
alone.  By  burning  their  surplus  gases  in  engine  cylinders  blast 
furnaces  could  be  converted  at  little  cost  into  central  power  stations, 
and  a  fresh  industrial  stimulus  might  be  given  to  a  whole  district. 
Much  would  depend  on  whether  the  iron  works  could  themselves 
make  use  of  all  the  surplus  power,  or  sell  most  of  it.  The  power 
available  may  be  tabulated  as  follows  (see  Engineering  Magazine, 
June,  1898)  :— 

For  furnaces  making  300  tons  of  pig  iron  per  week,  2019  H.P. 

If  99  >i         *00  ,,  ,,  „  Zd92      ,y 

„  „  „        dOO         ,,  ,,  „  4038     „ 

>>  >f  i»         tw         ,,  „  ,,  4711      ,, 

Difflotilties. — We  come  next  to  consider  the  question  of  the 
difficulties  to  be  overcome,  before  this  vast  store  of  surplus  energy 
can  be  utilised.  The  chief  objections  which  have  been  urged 
against  the  use  of  high  furnace  gases  in  internal  combustion  engines 
are: — 

I.  Their  poor  quality  and  low  heating  value,  causing  uncer- 
tainty or  perhaps  failure  of  ignition  in  gas  motor  cylinders. 

II.  Irregular  action  of  the  engine,  due  to  unavoidable  fluctu- 
ations in  the  composition  and  pressure  of  the  gases,  caused  by 
firing,  &c. 

III.  The  large  quantities  of  grit  and  dust,  chiefly  metallic, 
coming  away  from  the  furnace  with  the  gases,  which  may  injure 
the  motor  cylinder  and  decompose  the  lubricating  oil. 

I V.  High  temperature  of  the  gases.  We  will  now  treat  these 
objections  in  detail — 

I.  As  regards  the  comparison  and  heating  value  of  high  furnace 
as  compared  with  other  gases,  the  following  table  gives  data 
obtained  from  England,  Scotland,  France,  Belgium,  and  Ger- 
many : — 


HBATING   VALUE   OF    HIGH   FURNACE  OASES. 
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Table  of  Hbatino  Value  and  Compositxok  of  Va&ious  Gases. 


Heating  y  line 

b;t.u. 

Analysit  in  per  cent,  by  Volume. 

Vbbm  of  Om. 

per  cub.  ft. 

CO. 

H. 

perct. 

CH4. 

CO,. 

n. 

perct. 

perct. 

I>erct. 

perct. 

lighting  gas  (mean), 

600  to  640 

6-70 

46-40 

41-50 

2-10 

3-00 

Generator  gaa, 

130  to  165 

2610 

3-60 

10-00 

900 

6130 

HijB^  furnace  gases — 
Wiahaw,      . 

(HO) 

97-8 

24-76 

2-33 

0-76 

5-76 

66-42 

Frodingham, 

96-7 

27-30 

1-50 

6-00 

65-20 

Seraing, 

109*8 

27  90 

1-02 

7-00 
(HO) 

1396 

6012 

Hoerde, 

107-5 

3200 

260 

8-60 

67  00 

Gas  distilled  from  brown 

coal,     ...        . 

310V1 
(mean) 

17o0 

2000 

1-60 

16-00 

20-00 
(mean) 

Coke  oven  gas, 

6400 

8-20 

63  OO 

34-50 

2-00 

4-90 

I.  IjOW  Heating  Value  and  CompresBlon. — The  low  heating 
value  of  the  gas,  as  here  shown,  does  not  afifect  its  efficiency  in  a 
gas  engine.  The  lower  its  calorific  power  the  higher  the  com- 
pression it  will  bear  without  danger  of  spontaneous  ignition,  or 
sudden  explosive  shocks.  As  is  now  well  known,  the  thermal 
efficiency  of  an  engine  increases  within  certain  limits  with  the 
degree  of  compression,  and  it  is  towards  this  higher  compression 
that  the  efforts  of  gas  engineers  are  continually  tending.  With 
previous  compression  of  the  gases  to  10  atmospheres,  a  heat  effi- 
ciency of  about  30  per  cent,  has  been  obtained  in  an  engine  driven 
with  high  furnace  gases,  or  the  same  as  in  the  best  gas  engines. 
If  the  compression  be  properly  proportioned,  ignition  is  practically 
certain.  On  this  point  Professor  Meyer  says : — "To  obtain  good 
combustion  in  an  engine  cylinder,  each  particle  of  gas  must  find 
and  mix  with  the  quantity  of  air  necessary  to  bum  it  perfectly. 
Therefore  the  streams  of  gas  and  air  should  be  well  mixed  during 
admission,  instead  of  pumping  the  gas  into  the  cylinder,  when  it  is 
already  fall  of  air,  as  is  sometimes  done.  The  difficulties  of  pre- 
mature ignition  when  driving  gas  engines  with  furnace  gases  have 
been  overcome  by  high  compression  during  the  second  stroke. 
The  poorest  gas  can  be  thus  utilised,  and  compression  carried  much 
higher  than  is  allowable  with  lighting  or  power  gas.  This  will 
diminish  the  consumption,  and  it  obviates  the  necessity  for  larger 
dimensions  of  the  cylinder,  since  1  cubic  foot  of  lighting  gas  burns 
with  about  7  cubic  feet  of  air,  and  1  cubic  foot  of  furnace  gas 
requires  only  1  cubic  foot  of  air.  •  A  cylinder  of  the  same  cubic 
volume  can  be  used  in  both  cases,  but,  as  the  heating  value  of  the 
high  furnace  gases  is  one-fifth  less  than  that  of  lighting  gas,  it  will 
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develop  when  burnt  only  four-fifths  of  the  power,  or  20  per  cent 
less  H.P.  Small  variations  in  the  heating  value  do  not  affect  the 
power." 

It  is  owing  to  this  compression,  now  easily  obtained,  that  gases 
of  such  low  heating  power  can  be  effectually  utilised  in  a  gas 
engine  cylinder,  but  when  burnt  under  boilers  they  do  not  give 
equally  satisfactory  results.  Their  calorific  value  would  be  higher 
were  it  not  that  the  greater  the  efficiency  of  the  blast  furnace,  or 
the  more  CO,,  and  the  less  CO  is  produced  for  a  given  weight  of 
fuel  burnti  the  less  suitable  are  the  gases  for  combustion  in  an 
engine.  To  improve  combustion  in  the  furnace,  metallurgists  have 
rightly  endeavoured  to  reduce  the  percentage  of  CO  and  increase 
that  of  COo ;  but  for  power  purposes  in  an  engine  cylinder,  CO^ 
is  of  no  value,  and  CO  is  very  important.  According  to  Sir 
Lothian  Bell,  the  CO,  should  never  exceed  half  the  CO  formed. 
"  The  smaller  the  consumption  of  coal  or  coke  in  a  high  furnace," 
says  Professor  Meyer,  *'  and  the  higher  the  efficiency  of  the 
furnace,  the  smaller  the  work  obtained  from  the  gases  when  used 
to  produce  power  in  an  engine."  Fluctuations  in  their  heating 
*  value  may  be  avoided  by  regulating  the  admission  of  the  air  and 
gas  to  the  cylinder,  so  that  a  richer  mixture  enters  if  the  heatr 
ing  value  of  the  gas  diminishes.  It  is,  of  course,  of  special 
importance  to  determine  the  calorific  power  of  these  gases,  as  it  ii 
the  only  means  of  estimating  that  of  the  combustible  burnt.  The 
exhaust  gases  from  the  cylinder  should  also  be  analysed. 

The  large  percentage  of  nitrogen  does  not,  with  modern  methods 
of  construction,  present  much  difficulty.  From  three- tenths  to  one- 
third  by  volume  of  high  furnace  gases  are  combustible,  the  re- 
mainder being  inert,  and  acting  as  diluents  (see  Table,  p.  203).  The 
gas  in  an  engine  cylinder  must,  however,  always  be  diluted,  and 
the  ratio  in  which  it  should  be  combined  with  air  to  form  an 
explosive  charge,  and  give  the  best  results,  is  known.  All  that 
is  necessary  with  high  Airnaoe  gas  is  to  regulate  carefully  the  air 
admitted  for  combustion  in  the  same  way,  though  not  in  the  same 
quantities,  as  with  lighting  and  power  gas.  The  modifications 
required  are  to  proportion  the  gas  and  air  inlets  and  the  stroke  of 
the  piston  to  the  charge,  and  to  diminish  the  compression  space. 
To  give  the  same  power  in  an  engine  as  when  driven  by  lighting 
gas,  the  cylinder  dimensions  must  be  increased  by  about  16  to 
20  per  cent. 

II.  As  regards  the  fluctuations  in  the  composition  and  pressure 
of  the  gases,  these  are  not  much  more  marked  than  with  lighting 
and  power  gas.  Variations  in  pressure  are  avoided  or  corrected 
by  passing  the  gases  first  into  a  holder  from  the  furnace.  Thej 
are  produced  in  such  quantities  that  uniformity  of  composition  is 
more  or  less  assured.  To  make  pig  iron,  the  furnaces  must  be 
stoked  and  charged,  and  the  air  blast  delivered  with  great 
regularity,  and  the  quality  of  the  gases  does  not  then  vary  much. 


DUBT  IN   HIGH   FUBNACEfl.  205 

It  is  even  said  that  gas  engines  run  more  steadily  when  driren 
with  high  furnace  than  with  lighting  or  power  gas,  because  of  the 
far  greater  size  of  what  may  be  called  the  generator.  For  electric 
applications  this  point  is  of  advantage. 

III.  Dust. — The  third,  which  has  usually  been  considered  the 
greatest  difficulty  to  overcome  in  the  utilisation  of  high  furnace 
gases  for  power,  ia  the  dust  they  contain.  As  many  of  the  objections 
raised  to  their  use  are  based  upon  this  question,  it  is  necessary  to 
consider  it  in  detail.  It  was  at  first  thought  that  the  fine 
particles  of  solid  carbon,  and  the  metallic  dust  with  which  the 
gases  were  mixed,  would  be  deposited  in  the  pipes  and  passages, 
and,  even  if  they  did  not  afiect  the  parts  of  the  engine,  might 
attack  the  lubricating  oil,  and  make  it  thick  and  hard. 

It  is  now  generally  admitted,  however,  that  these  difficulties 
are  rather  exaggerated.  Dust  is  sometimes  carried  into  the 
cylinder  of  an  engine  with  the  gases,  and  in  some  few  cases 
cylinders  have  suffered.  It  is  not,  however,  the  same  kind  of 
dust  as  that  in  lighting  or  power  gas,  and  contains  no  bituminous 
substances.  The  pipes  carrying  off  the  gases  from  the  furnace  are 
long  and  large,  ofben  4  feet  in  diameter,  and  here  the  heavy 
particles  with  which  they  are  charged  are  readily  deposited,  while 
most  of  the  fine  dust  they  still  retain  is  blown  out  of  the 
cylinder  with  the  exhaust.  This  almost  impalpable  dust  has  no 
time  to  deposit,  owing  to  the  rapid  motion  imparted  to  it  by  com- 
pression and  explosion.  The  quantity  varies,  about  2  to  3  grammes 
per  cubic  metre  is  the  usual  estimate,  but  this  will  fluctuate  in 
different  furnaces,  and  with  different  methods  of  work.  Assuming 
the  production  of  the  furnace  to  be  200  tons  of  pig  iron  per  day, 
the  amount  of  dust  calculated  on  the  above  basis  would  be  1760 
lbs.  per  day.  To  prevent  this  large  quantity  reaching  the  cylinder 
the  gases  are  usually  treated  by  passing  them  through  coke  or 
sawdust  scrubbers.  If  the  furnaces  are  fed  with  coke,  this  method 
is  sufficient ;  if  hard  coal  is  burnt,  as  is  usual  in  Scotland,  they 
must  also  be  condensed,  to  free  them  from  tar  and  ammonia.  In  sucn 
a  residual  recovery  plant,  the  dust  is  usually  deposited  with  the 
products,  and  causes  little  trouble.  The  process  of  purification  is 
similar  to  that  used  with  power  gas,  while  in  Scotland  blast- 
furnace gases  are  partially  cleansed  in  the  same  way  as  lighting  gas. 

Another  method  suggested  is  to  separate  the  dust  by  centrifugal 
action,  and  carry  it  off  with  the  condensing  water.  A  new  plant  is 
in  contemplation  at  the  Wigan  Iron  Company,  Lancashire,  in 
which  it  is  proposed  to  purify  the  gases  by  passing  them  through  a 
highly-charged  electric  field,  where  the  dust  would  be  deposited. 
In  the  Thwaite  system  an  electric  wire  is  passed  up  through  the 
centre  of  a  vertical  iron  pipe,  15  feet  high,  and  a  current  sent 
through  it.  This  is  said  to  separate  the  metallic  dust,  and 
may  be  usefully  applied  where  the  gases  contain  much.  The 
necessity  for  purifying  them    is   not   perhaps   so   urgent  as   has 
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been  supposed,  and  Herr  Liirmann,  one  of  the  first  to  bring 
forward  this  objection  to  their  use,  has  now  admitted  that  the 
difficulty  can  be  met. 

As  Professor  Meyer  rightly  remarks,  the  important  point  of  the 
degree  of  purification  required  is  one  that  can  only  be  decided 
by  experiment  in  each  case.  The  violent  agitation  of  the  charge 
by  the  piston  during  the  compression  stroke  tends  to  prevent  the 
deposition  of  dust  No  difficulty  is  experienced  in  cleansing  the 
gases,  but  the  most  suitable  size  and  number  of  washers  has  not 
yet  been  quite  determined.  Gases  from  difi*erent  furnaces  require 
difierent  treatment,  as  they  contain  varying  kinds  and  amounts 
of  dust,  according  to  the  mixtures  and  fluxes  used,  pressure  of 
the  air  blast,  &o.  Some  are  purified  by  the  wet  process — namely, 
by  passing  them  through  coke  scrubbers  moistened  with  water, 
while  with  others  no  water  is  used.  At  Friedenshiitte,  in  Upper 
Silesia,  the  furnace  gases  contain  30  per  cent,  of  zinc  dust,  and 
much  difficulty  was  at  first  experienced  in  dealing  with  them. 
Two  years  ago  a  16  H.P.  experimental  motor  was  erected  at  these 
iron  works  by  the  Gas  Motoren  Fabrik  Deutz,  and  the  attempt  to 
purify  the  gases,  and  free  them  from  dust,  was  finally  successful.  A 
1000  H.P.  plant  has  now  been  designed,  of  which  two  engines, 
each  of  200  H.P.,  have  been  running  since  January,  1899.  The 
engine  at  DifTerdingen  has  worked  for  six  months  without 
previous  cleaning  of  the  gases,  and  it  is  the  same  with  the  180 
H.P.  engine  at  Seraing,  seen  by  Professor  Meyer,  who  found  the 
interior  of  the  cylinder  quite  clean.  The  500  H.P.  Simplex 
engine  has  been  working  18  months  at  the  latter  place  with 
unpurified  gas,  without  any  difficulty.  In  other  places  the  gases 
must  be  cleaned.  At  Oberhausen  they  are  purified  by  passing 
them  through  three  dry  coke  scrubbers  and  four  purifiers,  but  water 
has  not  been  found  necessary.  Often  a  Koerting  steam  injector  is 
used  to  precipitate  the  dust,  and  cause  a  current  of  the  gases  firom 
the  furnace  to  the  holder,  and  in  large  works  they  are  drawn  from 
the  furnace  and  forced  into  the  gasholder  by  steam  jets. 

The  gases  are  often  purified  after  leaving  the  furnaces,  and 
before  passing  to  the  boilers.  At  Difierdingen  they  contain  little 
dust,  and  are  well  purified  at  the  furnace.  At  Seraing  they  are 
much  charged  with  dust,  and  are  not  thoroughly  cleansed  before- 
hand, but  the  cylinder  head  of  the  engine  has  been  so  modified  that 
dust  cannot  deposit  there,  and  it  is  all  blown  out  with  the  exhaust 
gases.  In  a  smaller  gas  plant  there  will  be  less  dust  in  the  passages, 
and  less  gas  drawn  ofi*  than  in  a  larger,  where  all  the  gas  produced 
is  utilised.  Different  engine  cylinders  will  afford  greater  or  less 
surface  to  the  dust,  and  care  must  be  taken  in  proportioning 
these  surfaces  to  the  particular  quality  of  high  furnace  gases  to  be 
used.  Time  will  show  how  much  purifying  is  needed,  and  whether 
engines  driven  with  well-cleaned  gas  do  not  last  longer  than  those 
worked  with  uncleansed  gas.     Herr  Miinzel,  of  the  Gas  Motoren 
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Fabrik  Dents,  considers  that  it  is  always  an  advantage  to  purify  the 
gas,  and  also  safer,  as  the  engine  runs  more  steadily.  In  any  case 
it  has  now  been  proved  that  en^nes  can  be  driven  with  high 
furnace  as  easily  as  with  lighting  or  power  gas.  It  allows  a  higher 
d^ree  of  compression,  and  the  motor  cannot  become  foul,  as  when 
unsuitable  coal  is  used  with  power  gas.  Even  if  furnace  gases  had 
a  deleterious  effect  in  a  cylinder,  some  engines  have  been  working 
long  enough  to  show  that  the  dust  from  then  cannot  be  really 
injurious.  The  heat  efficiency,  taking  the  B.H.P.,  is  generally  from 
20  per  cent,  to  25  per  cent,  (see  Table  No.  6). 

lY.  The  High  Temperature  of  the  Gkkses  is  regulated  at  the 
same  time  and  in  the  same  way  as  their  purification.  They  require 
thorough  cooling,  as  they  are  generated  at  a  much  higher  tempera- 
ture than  power  gas,  and  this  is  usually  carried  out  by  passing 
them  through  a  given  series  of  pipes  cooled  by  water  or  by  air. 

Gbb  Bngines  and  Air  Blowers. — A  minor  but  important  ques- 
tion to  decide  is  whether  the  air-blowing  engines  for  the  hot  blast 
can  be  driven  direct  from  gas  engines  worked  by  high  furnace 
gases,  and  thus  a  great  saving  be  ^ected  over  the  present  rather 
wasteful  system  of  driving  them  by  steam.  Better  arrangements 
for  heating  the  air  blast  would  also  contribute  to  economy.  The 
volume  of  high  furnace  gases  needed  to  heat  the  blast  is  reckoned 
at  50  per  cent. — in  other  words,  20  per  cent,  more  than  is  theoreti- 
cally required  (see  Table,  p.  201).  To  ensure  a  better  distribution 
of  the  hot  products  of  combustion  in  the  air-heating  chambers, 
various  modifications  have  been  proposed.  The  fiocker  system,  in 
use  at  the  Friedenshiitte  Works,  is  preferred  in  Germany,  and  is 
said  to  require  much  less  gas.  Tests  made  by  Professor  Meyer 
showed  that  with  this  method  40  per  cent,  of  gas  was  economised, 
thus  reducing  the  consumption  nearly  to  the  theoretical  minimum 
of  28  per  cent.  Improvements  in  the  valves  of  the  blowing  engines 
are  already  in  progress.  To  couple  a  gas  engine  with  a  blowing 
engine  is  a  novelty,  because  the  speed  of  the  former  is  usually  from 
120  to  130  revolutions,  and  that  of  a  blower  only  from  30  to  60 
revolutions  per  minute.  One  proposal  to  remedy  this  defect  is  to 
have  two  cranks  on  the  same  shaft,  one  connected  to  the  gas 
engine,  the  other  to  the  blower.  To  remodel  the  valves  of  the 
blower  is,  perhaps,  the  best  way,  and  two  patents  of  this  kind 
have  lately  been  taken  out  in  Germany,  the  Lang-Horbiger  and 
the  Biedler.  Valves  of  the  Lang-Hdrbiger  type  have  been  applied 
with  good  results  to  blowing  engines,  especially  at  Seraing,  and 
they  allow  of  a  speed  up  to  120  revolutions  per  minute.  Either 
the  speed  of  the  blowers  must  be  increased,  or  that  of  the  gas 
engine  reduced.  According  to  the  Deutz  firm,  the  latter  method 
presents  no  difficulties.  At  Seraing  the  piston-rod  of  the  gas 
engine  passes  through  a  stuffing  box  on  the  cylinder  head  at  the 
back,  and  is  coupled  direct  to  the  piston  of  the  blower.  Gkts 
engines  thus  connected  must  run  at  rather  low  speeds.     Professor 
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Meyer  found  that  the  speed  of  an  8  H.P.  engine  driven  with 
lighting  gas  could  be  reduced  to  half  the  normal,  without  increasing 
the  gas  consumption  or  affecting  the  ignition;  the  governor  and 
flywheel  prevented  any  further  Auction  of  speed.  These  experi- 
ments seem  to  show  liiat  the  working  process  in  a  gas  engine  can 
be  as  satisfiBtctorily  carried  out  at  50  revolutions  per  minute,  as  at 
ordinary  speed. 

Some  writers,  however,  consider  that  the  speed  of  a  gas  engine 
cannot  be  greatly  varied,  and  its  highest  efficiency  is  attained  when 
running  at  maximum  speed.  It  is  impossible,  they  say,  to  force  it, 
and  the  governor  acts  only  by  diminishing,  never  by  increasing  it. 
Thus  to  utilise  high  furnace  gases  efficiently  it  appears  desirable  in 
most  cases  to  increase  the  spokl  of  the  blower,  and  not  to  diminish 
much  that  of  the  gas  engine,  in  which  a  reserve  of  power  is  always 
desirable. 

Large  Power  Engines. — ^The  most  important  question  of  all, 
however,  for  both  gas  engineers  and  ironmasters  is  whether  the  gas 
engine,  which  has  hitherto  been  made  only  for  small  powers,  can 
be  suited  to  the  large  powers  now  necessary  to  utilise  to  the  full 
this  new  and  valuable  motive  force.  The  need  for  large  engines  b 
evident,  because  not  only  of  the  great  quantities  of  furnace  gases 
generated,  but  also  of  their  low  heating  value.  In  smelting  and 
metallurgical  works  powerful  motors  are  required,  and  no  doubt 
the  demand  will  soon  bring  about  the  supply.  The  unforaeen 
discovery  that  waste  gases  can  be  turned  to  excellent  account  has 
given  a  fresh  impetus  to  the  construction  of  large  gas  engines; 
they  have  already  increased  in  size,  and  twin  cylinder  engines  up 
to  1000  H.P.  are  being  made.  Engines  of  1200  H.P.  and  1500 
H.P.  are  proposed,  and  these  may  also  be  driven  with  power  gaa. 
This  may  lead  to  the  improvement  of  gas  producers,  and  to  £resh 
efforts  to  utilise  ordinary  or  poor  coal  in  them,  which  is  much  to  be 
desired.  The  field  for  gas  engine  industry  is  already  greatly 
enlarged,  and  important  German  firms,  who  have  hitherto  made 
steam  engines  only,  are  taking  up  their  manufacture.  At  Deutz  a 
1000  H.P.  motor  is  obtained  by  coupling  two  500  H.P.  engines, 
each  having  two  cylinders  of  250  H.P.  working  on  to  the  same 
crank  shaft.  Thus  there  are  four  cylinders  and  two  cranks,  each 
at  an  angle  of  180°  to  the  other,  and  a  motor  stroke  is  obtained  at 
every  half  revolution.  At  the  Soci^t^  Cockerill  Works  at  Seraing 
a  650  H.P.  single-cylinder  Simplex  engine  is  now  being  constructed, 
and  a  250  H.P.  motor  is  working. 

Nevertheless,  there  are  difficulties  in  the  way  of  these  large 
engines.  In  the  ordinary  type  of  gas  engine  there  is  only  one 
motor  stroke  in  four,  and  for  high  powers  the  single  cylinder  and 
connecting-rod  must  be  made  very  large,  and  the  walls  will  require 
much  cooling.  Now  the  larger  the  cylinder  diameter,  the  less  easy 
is  it  to  control  the  temperature  of  the  internal  charge  by  the 
cooling  water  jacket.     The  distribution  of  heat  being  unequal,  the 
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yalyes  may  be  affected.  In  considering  these  obstacles,  Professor 
Meyer  points  out  the  various  difficulties  which  have  been  already 
oyercome,  and  how  the  size  of  gas  engines  has  steadily  increased 
from  very  small  powers.  For  high  furnace  work,  engines  from  500 
to  1000  H.P.,  or  about  250  H.P.  to  each  cylinder,  will  probably 
be  found  sufficient,  and  these  are  already  in  course  of  construction. 
At  Seraing,  the  Society  Cockerill  build  single^ylinder  Simplex 
engines  developing  650  I.H.P.  and  550  B.H.P.,  with  a  cylinder 
diiuneter  of  1300  mm.  ^=4*2  feet,  and  1400  mm.  =  45  feet  stroke, 
running  at  80  to  90  revolutions  per  minute.  The  diameter  of  the 
cylinder  of  the  blowing  engine  is  5^  feet.  That  so  important 
a  firm  should  adhere  to  the  single-cylinder  type  for  such  largp 
powers  is  a  fact  worth  noting. 

History. — The  utilisation  of  high  furnace  gases  in  combustion 
engines  has  for  the  last  few  years  much  occupied  the  attention  of 
engineers  and  metallurgical  experts.  The  process  was  started 
almost  simultaneously  in  England  and  Qermany^  perhaps  first  in 
England.  In  February,  1895,  Mr.  Thwaite  drove  an  Acm£  30 
H.P.  gas  engine  with  high  furnace  gases  at  the  Wishaw  Iron 
Works,  near  Glasgow,  and  this  seems  to  have  been  the  first  time 
the  idea  was  put  in  practice.  The  engine  provides  electric  light 
for  the  works,  and  has  been  running  quite  satisfactorily ;  it  has  a 
cylinder  diameter  of  12  inches  with  20  inches  stroke.  The  consump- 
tion is  95  cubic  feet  of  gas  per  B.H.P.  hour,  but  as  the  furnace  is  fed 
with  coal  instead  of  coke,  as  usual,  the  gases  are  richer,  and  therefore 
the  consumption  relatively  low.  In  a  test  made  by  Mr.  Booth  on 
the  electrical  energy  developed  by  this  engine,  the  consumption 
varied  from  1^  to  1^  lbs.  of  coal  in  the  furnace  per  electrical  H.P., 
according  to  the  amount  of  fuel  burnt  and  richness  of  the  gas 
made.  Another  small  experimental  plant  was  worked  for  some 
years  at  Frodingham,  near  Doncaster.  The  tests  made  on  this 
engine,  which  was  also  an  Acme,  are  valuable,  because  the  gas 
is  very  poor,  and  they  prove  that  even  high  furnace  gases  of 
inferior  quality  may  be  utilised  in  an  engine  cylinder.  A  160  H.P. 
engine  is  also  working  at  Barrow-in-Furness,  and  a  large  installa- 
tion for  utilising  high  furnace  gases  is  in  course  of  construc- 
tion. With  these  few  exceptions,  very  little  appears  to  have  been 
yet  done  in  England  as  compared  with  Belgium  and  Germany, 
though  larger  powers  are  proposed.  A  Premier  engine,  developing 
250  H.P.,  has  been  constructed  by  the  company  of  that  name,  for 
uae  with  blast  furnace  gases.  A  drawing  will  be  found  in  Th4 
Engineer,  December  15,  1899. 

Experiments. — In  December,  1895,  an  8  H.P.  Simplex  engine 
was  started  experimentally  at  the  Soci^tl  Cockerill  Works  at 
Seraing,  in  Belgium.  The  motor  was  originally  4  H.P.,  but  with 
higher  compression  up  to  10  atmospheres,  and  other  modifications, 
the  power  developed  was  soon  doubled.  The  consumption  of  blast 
furnace  gases  was  5300  litres » 187  cubic  feet  per  B.H.P.  hour,  and 
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the  results  were  so  satisfactory  that  an  engine  of  200  H.P.  was 
soon  provided.  Other  still  larger  motors  of  the  Simplex  type  have 
since  been  added.  For  the  200  H.P.  engines,  the  gases  are  passed 
through  three  coke  scrabbers,  each  4*9  feet  in  diameter,  and  19*6 
feet  high,  the  water  for  washing  the  coke  being  supplied  by 
Koerting  injectors.  The  gases  are  next  stored  in  a  holder  of 
10,500  cubic  feet  capacity,  and  pass  from  thence  to  the  inotor 
cylinder,  31*5  inches  diameter  and  328  feet  stroke.  Speed,  105 
revolutions  per  minute.  A  trial  was  made  of  this  engine  in  1898 
by  Professor  Wits,  when  it  developed  182  B.H.P.,  wiUi  a  previous 
compression  of  the  gases  to  7^  atmospheres.  The  experiment 
lasted  twenty-four  hours.  The  gas  used  was  carefully  measured  in 
the  gasholder.  Its  calorific  value  was  981  calories  per  cubic 
metre,  equal  to  109*8  B.T.U.  per  cubic  foot,  and  the  consumption 
per  hour  per  B.H.P.  3*33  cubic  metres,  or  117*5  cubic  feet.  The 
engine  worked  as  regularly  as  a  steam  engine,  and  the  results 
were  very  satisfactory. 

Another  experimental  12  H.P.  Otto  engine  was  started  in  October, 
1895,  at  Hdrde  in  (Germany,  in  which  the  consumption  of  high  fur- 
nace gases  was  4  cubic  metres  » 141  cubic  feet  per  B.H.P.  hour.  It 
ran  so  successfully  that  the  authorities  added,  and  have  now  at 
work,  a  two-cycle  OechelhaueiBer  engine  with  two  motor  cylinders 
each  18*9  inches  diameter  and  31  inches  stroke,  and  each  giving  300 
H.P.  (see  p.  153).  This  600  H.P.  engine  has  been  seen  at  work  by  the 
writer.  It  is  a  new  type  of  motor,  in  which  a  charge  of  compressed 
air  and  a  mixture  of  gas  and  air  are  sent  successively  into  the  motor 
cylinder  by  the  same  double-acting  pump,  delivering  alternately  on 
either  face  of  the  piston.  Thus  a  motor  stroke  is  obtained  at  every 
revolution.  The  engine  works  well,  and  in  the  opinion  of  Professors 
Meyer  and  Witz  it  is  especially  adapted  for  use  with  high  furnace 
gases.  Most  of  the  important  Uerman  firms  now  make  gas  engines 
for  this  kind  of  work. 

The  chief  of  these  are  the  well-known  Gas  Motoren  Fabrik  Deutz, 
who  have  many  large  plants  working,  or  in  course  of  construction. 
At  Friedenshiitte  in  Upper  Silesia  a  1000  H.P.  plant  is  in  pro- 
gress, with  five  engines  each  developing  200  H.P.  Two  of  these 
have  been  running  since  January,  1899.  A  500  H.P.  Otto  cycle 
engine  with  four  cylinders  and  two  cranks  has  been  started  at 
Dudelingen  in  Luxemburg.  At  Seraing  all  the  engines  are  of  the 
Simplex  type ;  there  are  to  be  four  coupled  direct  to  the  blowing 
cylinders  and  three  500  H.P.  motors  driving  the  dynamos,  now  in 
course  of  construction  for  the  Differdingen  Iron  Works.  Fig.  95 
shows  the  arrangement  adopted.  Four  single-cylinder  500  H.F. 
Simplex  engines,  developing  an  aggregate  of  2000  H.P.,  are  now 
being  made  at  Seraing  for  use  in  their  own  works  (see  Fig.  96). 
MM.  Koerting,  the  largest  gas  engine  builders,  next  to  the  Deutz 
Company,  in  North  Qermany,  do  not  at  present  make  engines  much 
above  100  H.P.  for  use  with  high  furnace  gases.     The  Deutsche 
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Kraftgas  Company,  formerly  the  Berlin- Anhaltische  OeBellschaft, 
make  the  two-cycle  Oechelhaueser  engine,  and  are  now  supplying  a 
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1000  H.F.  single-cylinder  motor  with  three  cranks  and  two  pistons. 
They  also  construct  four-cycle  engines.     A  new  plant  on  a  very 
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oomplete  scale  is  about  to  be  erected  at  Poiasj  in  Fraaoe.  The 
blast  famaoe  is  intended  to  delirer  iron  fit  to  use  for  castings, 
instead  of  pig  iron.  From  this  fiimaoe  the  gases  pass  to  the 
recuperator,  where  they  heat  slightly  the  air  for  the  blast,  and 
thence  to  the  electrical  depositor,  where  the  dust  they  contain  is 
precipitated.  They  are  then  carried  oS  to  the  scrubbers  and 
holders,  and  thence  to  the  engines  driving  the  dynamos.  This 
large  plant  is  to  develop  5000  H.P.,  aud  utilise  all  the  gases  pro- 
duced in  the  furnaces.  Fig.  97  shows  a  530  H.P.  Crossley  engine 
driven  with  blast  furnace  gases. 

Trials. — A  series  of  very  careful  tests  were  carried  out  in  1898 
at  Differdingen  in  Luxemburg,  by  Professor  Meyer,  on  a  60  H.P. 
Otto  fourK^yole  single-acting  engine  made  by  the  Berlin- Anhaltische 
Masohinen-Bau  G^raellschaft,  and  driving  dynamos  for  lighting  the 
works.  To  bum  high  furnace  gases  with  this  engine  the  compres- 
sion space  is  made  rather  smaller  than  usual,  occupying  about  one- 
sixth  of  the  total  volume  of  the  ^linder,  and  the  gas  and  air 
passages  are  slightly  modified.  The  power  develo[^  was  67 
B.H.P.  with  furnace  gases,  80  B.H.P.  with  lighting  gas.  At  these 
works  the  gases  are  drawn  from  the  furnace  by  a  pump  driven  from 
the  gas  engine,  and  forced  through  scrubbers  15  feet  high  filled  with 
coke  moistened  with  water,  and  a  sawdust  column  in  four  stages,  to 
the  gasholder,  which  is  25  feet  diameter. 

The  engine  is  of  the  ordinary  four-cycle  type.  The  holder  was 
carefhlly  gauged  during  the  experiments,  to  determine  the  quantity 
of  gas  usmI.  The  temperature  of  the  gases  was  taken  between  the 
holder  and  the  cylinder.  In  an  engine  governed  on  the  *<hit-aDd- 
miss  "  principle,  Professor  Meyer  has  found  that,  immediately  after 
a  missed  explosion,  the  composition  and  weight  of  the  next  charge 
drawn  in  are  not  the  same  as  when  the  engine  has  been  running 
regularly,  being  affected  by  the  lower  temperature  produced  in  the 
cylinder  by  the  absence  of  combustion.  These  differences  sre 
shown  by  the  shape  of  the  explosion  curve  in  the  indicator  diagram. 
Thus  a  diagram  taken  at  normal  speed  will  give  a  much  larger  area 
of  work  than  one  taken  directly  after  a  missed  explosion.  In 
testing  the  engine  at  Differdingen,  therefore.  Professor  Meyer  took 
fifteen  diagrams,  one  over  the  other,  and,  as  the  governor  gave 
about  one  missed  explosion  in  nine,  the  fifteen  diagrams  &lrlj 
represented  the  average  pressure  of  explosion.  The  work  on  the 
brake,  or  mechanical  efficiency,  calculated  from  the  electric  H.Pv 
was  about  84  per  cent.  The  gas  was  tested  every  ten  minutes  in  a 
Junkers  calorimeter,  and  its  mean  heating  value  determined  at 
105  B.T.XJ.  per  cubic  foot.  The  engine  ran  very  steadily  and 
quietly ;  for  fuller  details  see  Table  No.  6. 

The  mean  number  of  revolutions  was  160,  mean  pressure  4 '8 
atmospheres,  electric  H.P.  56*8.  The  consumption  of  furnace  gases 
under  exceptionally  favourable  conditions  was  2*28  cubic  metres, 
equal  to  80*5   cubic  feet  per  I.H.P.  hour.    The  indicated  beat 
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efficiency — (.«.,  the  quantity  of  heat  changed  into  indicated  work — 
was  30*2  per  cent,  heat  lost  to  the  cooling  jacket  22*5  per  cent 
At  half  load  the  consumption  of  gas  per  I.H.P.  hour  increased  very 
slightly,  and  the  heat  utilisation  was  almost  as  good  as  at  full 
power. 

ConoliisiozLS.— The  most  important  question  to  be  solved  i« 
whether  large  gas  engines,  at  the  high  temperatures  and  pressures 
developed  in  the  interior  of  the  cylinders,  and  their  comparatively 
high  piston  speed,  may  be  relied  on  to  run  safely  and  steadily  for  a 
long  period  without  undue  wear.  Professor  Meyer  has  visited  a 
number  of  large  gas  plants,  and  found  all  satisfactory  in  this 
respect.  The  system  of  driving  engines  with  high  furnace  gases  is 
atill  in  its  infancy,  but  so  &r,  in  Germany  at  least*  no  failures  have 
been  recorded.  Furnace  works  which  began  with  small  powers  are 
BOW  ordering  much  larger  motors. 

Whether  die  Otto  cycle  with  its  one  motor  stroke  in  four  ii  the 
most  suitable  type  for  this  class  of  work  is  a  moot  point  The 
results  obtained  with  the  two-cycle  Oechelhaueser  engine  are 
certainly  noteworthy.  Professor  Meyer,  who  thinks  highly  of  it, 
states  the  principal  difference  between  two-  and  four-cycle  motors 
as  follows:— *In  the  four-cycle  the  delivery  pump  and  working 
cylinder  are  so  combined  that  the  same  cylinder  serves  during  the 
first  two  strokes  for  admission  and  compression,  and  for  the  last 
two  as  the  motor  cylinder.  In  the  two-cycle  these  functions  are 
divided,  and  therefore  about  twice  as  much  work  can  be  obtained 
with  the  same  working  cylinder,  but  with  the  added  complication 
of  the  pump.  Two-cycle  engines  were  made  while  the  Otto  patent 
was  in  force,  but  practically  disappeared  when  it  expired.  At  that 
time  only  small  engines  were  built,  and  it  was  much  simpler  to 
make  them  single  cylinder.  But  in  the  large  engines  now  required, 
in  which  the  size  of  the  cylinder  is  a  difficulty,  it  is  of  real  advan- 
tage to  have  two  cylinders.  The  question  whether  two-cvcle 
engines  are  more  economical  and  simpler  can  only  be  decided  by 
tests  and  experience.  From  a  theoretical  point  of  view,  the 
processes  of  combustion  and  work  are  as  well  carried  out  in  two  as 
in  one  cylinder,  but  rather  more  power  is  required  to  deliver  and 
drive  out  the  charge.  The  scavenging  charge  in  the  two-cycle  type 
may,  in  Professor  Meyer's  opinion,  be  more  desirable  than  to 
retain  some  of  the  products  of  combustion,  as  in  the  four-cycle. 
English  writers  seem  agi*eed  that  the  cylinder  should  be  cleansed 
of  the  burnt  products,  but  care  must  be  taken  that  none  of  the 
fresh  charge  escapes  through  the  exhaust  Each  type  of  engine 
has  its  special  characteristics,  and  is  suitable  for  a  given  purpose. 

One  of  the  chief  disadvantages  of  the  four-cycle — namely,  that 
it  gives  only  one  motor  stroke  in  four — disappears  when  high 
furnace  gases  are  utilised.  For  these  such  large  powers  are 
required  that,  since  about  250  H.P.  seems  to  be  the  maximum 
desirable  limit  of  power  per  cylinder,  engines  must  be  made  with 
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two  cjlinden,  and  thus  an  impulse  is  obtained  per  revolution,  or 
with  four  cyUndera,  giving  an  impulse  per  stroke.  The  director 
of  the  €ks-Motoren  Fabrik  Deutz  maintains  the  superiority  of  four- 
cycle over  single-cylinder  engines  for  large  powers.  If  variations 
of  speed  of  ^  are  allowed,  the  price  is  little  less  for  two  or  four 
cylinders  than  for  one ;  but  if  variations  of  yj-^  only  are  per- 
missible,  as  with  motors  driving  dynamos,  two-cylinder  engines 
cost  75  per  cent,  less,  and  four-cylinder  60  per  cent.  less.  The 
number  of  cylinders,  one  or  four,  does  not  seem  to  affect  tha 
consumption. 

An  advantage  especially  noted  by  English  writers  is  that,  if 
high  furnace  gases  can  be  utilised  to  produce  power  and  save 
money,  the  manu&cture  of  iron  may  be  carried  on  under  better 
conditions  than  at  present  As  long  as  it  is  the  sole  product  ot  the 
furnaces,  the  fuel  supplied  is  economised  as  much  as  possible.  But 
if  more  fuel  were  used,  and  the  heating  value  of  the  gas  increased, 
more  power  could  be  obtained,  while  the  production  of  iron  would 
be  improved.  8inoe  all  the  fuel  supplied  would  be  utilised,  not 
only  to  produce  better  iron,  but  also,  and  perhaps  primarily  to 
generate  power  gas,  there  would  be  no  waste,  as  at  present.  The 
quantity  of  gases  used  for  the  blowers  should  be  economised,  and 
about  three-quarters  made  available  for  power.  In  England  the 
volume  or  production  of  furnace  gas  is  about  170,000  cubic  feet  per 
ton  of  pig  iron  melted,  or  per  ton  of  coke  used.  Thus,  an  engine 
burning  100  cubic  feet  per  I.H.P.  hour  would  give  the  equivalent 
of  1700  H.P.  per  ton  of  pig  iron. 

Probably  the  greatest  future  for  the  utilisation  of  these  gases 
will  be  in  the  storage  of  electric  energy,  transmission,  and  motive 
power  for  electric  traction.  It  is  even  possible  that  by  these  means 
some  of  the  furnaces  now  closed  might  again  be  started. 

Summary.— The  author  has  had  the  advantage  of  studying 
many  modem  types  of  high  furnace  gas  engines  on  the  Continent. 
Most  of  them  have  dynamos  on  the  crank  shaft,  generating  elec- 
tricity for  power  or  light,  as  required,  at  different  and  distant  parts 
of  the  iron  works.  In  his  opinion  there  is  still  much  to  learn  as 
regards  the  best  and  most  economical  use  to  be  made  of  these 
gases  for  power,  and  it  is  a  large  and  most  important  new  field 
for  industrial  enterprise. 

As  to  the  extent  to  which  the  gases  charged  with  dust  and 
other  impurities  must  be  cleaned,  their  treatment  will  vary  greatly 
in  different  works,  according  to  the  very  different  fuels  and  ores 
used.  The  gases  must  be  drawn  continuously  from  the  top  of  the 
furnace,  and  forced  through  the  scrubbers  and  into  the  holders, 
and  for  this  purpose  various  methods  have  been  adopted — steam 
jets,  fans,  air  propellers,  pumps,  &c.  Time  and  experience  will 
show  the  best  system  for  each  locality.  Hitherto  the  blowing 
engines  have  nearly  always  been  driven  by  steam.  The  author  has 
seen  many  types  at  work,  and  they  are  large  and  costly.     If  the 
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best  nse  is  to  be  made  of  the  waste  famace  gases,  they  should  be 
burnt  in  gas  engines  driving  the  air  compressors  and  pumps 
direct,  as  is  done  in  some  works,  and  especiaUy  at  Seraing.  Such 
an  arrangement  will  be  much  more  economical  than  the  present 
slow-nmning  steam  engines,  with  their  cumbersome  beams  and 
cranks,  the  boilers  to  keep  in  order,  the  condensing  water  required, 
and  all  the  usual  long  steam  pipes,  causing  loss  of  heat  by  con- 
densation of  the  steam,  and  a  poor  heat  efficiency.  On  the  other 
hand,  high  furnace  gases  can  be  passed  through  large  pipes,  without 
loss,  to  any  part  of  the  works  where  power  is  required.  As  will 
be  seen  from  the  tests  given  in  Table  No.  6,  the  heat  efficiency  in 
gas  motors  per  B.H.P.  is  high,  varying  from  20  per  cent,  to  25 
per  cent,  but  few  accurate  experiments  have  yet  been  made.  As 
to  their  commercial  value,  there  is  little  doubt  that,  if  capital  be 
judiciously  laid  out  on  the  best  type  of  gas  engines,  it  will  yield 
•a  very  good  interest.  Enterprising  pig-iron  masters  ought  not  in 
the  future  to  allow  any  of  these  gases  to  go  to  waste,  but  pass 
them  all  through  gas  engine  cylinders,  and  thus  obtain  power  in 
the  most  economical  way,  and  at  little  cost. 

Gtas  flK>m  Coke  Ovens. — ^Among  the  various  gases  now  avail- 
able for  power  are  those  generated  from  the  ovens  in  which  coke 
for  high  furnaces  and  foundries  is  made.  It  has  been  proposed, 
though  the  suggestion  has  hardly  yet  been  much  applied,  to  use 
coke  oven  gas  to  drive  engines.  When  coal  is  thus  converted  into 
coke,  if  the  bye-products  be  recovered  and  the  gas  utilised,  a  treble 
source  of  profit  may  be  afforded.  As  shown  by  the  analysis  at 
p.  203,  the  gases  obtained  from  these  ovens  are  practically  the 
same,  when  analysed,  as  lighting  gas.  The  coke  ovens  could  be 
placed  close  to  the  furnaces,  and  form  with  them  and  the  gas 
engines  one  large  power  plant.  Messrs.  Andrew,  of  Stockport,  are 
now  making  two  double-cylinder  engines,  each  of  200  H.P.,  to 
work  with  coke  oven  gas. 

In  an  able  paper  by  M.  de  Keyser,  the  subject  is  thoroughly 
treated  from  an  economic  point  of  view.  In  his  opinion,  a  great 
saving  would  be  effected  if  the  high  furnace  gases  were  utilised 
to  heat  the  coke  ovens,  and  the  gases  from  these  ovens  were  con- 
veyed direct  to  gas  engines,  and  there  burnt.  One  cubic  metre 
or  35*3  cubic  feet  of  high  furnace  gases  will  yield  0*252  H.P. 
when  burnt  in  a  gas  engine,  whereas  1  cubic  metre  of  coke  oven 
gas  will,  under  the  same  conditions,  give  1*92  H.P.,  or  about  seven 
times  as  much  power.  These  gases  are  also  free  from  dust,  and 
have  a  high  heating  value,  owing  to  their  large  proportion  of 
hydrogen.  Hence,  very  high  compression  in  the  cylinder  is  not 
required.  There  are  several  ways  of  utilising  them,  and  it  cer- 
tainly seems,  from  the  scanty  data  available,  as  if  they  might  form 
s>  useful  potential  source  of  power ;  but  their  quality  depends  to  a 
<^ertain  extent  on  whether  the  residual  products  are  recovered  in 
the  coke  ovens,  or  are  allowed  to  go  to  waste.     The  coal  supplied 
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famishes  on  an  sverage  71  per  cent,  of  coke  by  Tolnme,  and  270 
cubic  metres  =  9533  cubic  feet  of  gas  per  ton  of  coal,  or  380  cubic 
metres  >  9917  cubic  feet  per  ton  of  coke  produced. 

The  following  interesting  particulars  of  a  pover  plant  lately 
started  in  Germany  represents  a  class  of  work  midway  between 
the  utilisation  of  coke  oven  and  of  high  furnace  gases  in  en^rine 
cylinders.  The  engines,  constructed  by  MM.  Krupp  of  £ssen,  are 
at  the  Emma  Brown  Coal  Mine  at  Streckau  in  North  Germany. 
Ultimately  there  are  to  be  three  gas  engines,  each  indicating  145 
H.P.,  one  of  which  began  work  in  May,  1898,  and  has  since  been 
running  satisfactorily.  The  engine  is  driren  with  the  waste  gases 
given  off  from  brown  coal  or  lignite,  when  distilled  to  produce  tar 
and  coke.  An  analysis  will  be  found  in  the  table  at  p.  203. 
The  gases  have  a  heating  value  of  2750  to  2800  calories  per  cubic 
metre* 308  to  313  B.T.U.  per  cubic  foot,  or  a  little  more  than  half 
the  heating  value  of  lighting  gas,  and  double  that  of  power  gas. 
They  are  drawn  from  the  coke  oven  by  exhausters,  and  led  to  the 
coolers,  where  the  tar  is  deposited,  then  passed  through  purifiers  to 
the  gasholder.  When  burnt  in  a  Bunsen  burner  the  gas  gives  out 
sufficient  heat  to  maintain  the  hot  tube  of  a  small  auxiliary  engine 
at  the  temperature  of  ignition.  The  power  generated  is  used  to 
drive  two  dynamos,  one  for  lighting  tha  mine,  the  other  for  the 
electric  motors  working  the  gas  exhaustors,  hauling  gear,  water 
pump,  and  a  coal  screening  apparatus.  When  the  three  engines 
are  at  work,  it  is  intended  to  supply  the  same  power  to  several 
other  mines  in  the  district.  The  gas  engine,  of  the  ordinary  four- 
cycle  single-cylinder  type,  has  a  speed  of  160  revolutions  per 
minute.  The  charge  is  fired  electrically.  The  engine  is  governed 
by  varying  the  quantity  of  the  charge  admitted,  and  the  valves 
have  water  jackets  to  counteract  the  great  heat  produced,  since 
there  are  no  miss  fires.  The  speed  of  the  three  engines,  when  at 
work,  will  be  controlled  electrically. 

A  twin  motor  of  the  same  type  of  290  H.P.,  driven  with  coke 
oven  gas,  has  lately  been  constructed  by  Krupp. 
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CHAPTER  XIII. 
THE  THEORY  OF  THE  GAS  ENGINE. 

CoNTuns. — Laws  of  Gaaes^Boyle's  Law— Gay-Lussao's  Law— Joule's  Law  of 
the  Mechanical  Equivalent  of  Heat — Thermal  Units — Specific  Heat — 
Camot's  Law— Perfect  Cycle— Isothermal  and  Adiabatic  Curves— Ideal 
Efficiency— Other  Cycles— Indicator  Diagrams— Entropy  and  Entropy 
Diagrams. 

LawB  of  Gkuies. — No  complete  study  of  the  gas  engine  is  possible, 
imless  it  includes  a  knowledge,  however  slight,  of  the  gas  itself,  or 
working  fluid,  the  physical  and  chemical  laws  goreming  it,  and  the 
chief  phenomena  taking  place  in  the  cylinder  of  an  engine.  None 
of  these  phenomena  are  the  result  of  chance.  The  laws  controlling 
the  action  of  gases  have  been  accurately  determined.  The  force  of 
the  explosion  of  gas  in  a  cylinder  seems,  at  first  sight,  impossible 
to  regulate.  But  it  can  be  determined  with  precision,  and  is 
always  exactly  proportioned  to  the  pressure  and  temperature  of  the 
gas  when  admitted,  and  the  amount  of  its  dilution  with  air.  Thus, 
if  a  certain  weight  of  gas,  composed  of  known  chemical  elements  in 
a  definite  combination,  and  diluted  with  a  given  proportion  of  air, 
be  admitted  into  a  cylinder  of  known  dimensions,  its  action  can  be 
accurately  foretold,  and  the  work  which  it  is  able  to  do  estimated. 

The  term  '*  working  fluid"  is  applied  to  the  medium  of  heat  in 
thermal  motors.  It  is  equally  correct  to  call  it  the  **  working 
agent,''  and  the  latter  expression  will  here  be  used.  No  absolutely 
perfect  gas  is  at  present  known — that  is,  a  gas  which  obeys  perfectly 
the  theoretical  laws,  and  cannot  be  condensed  into  a  liquid  by  any 
change  of  temperature.  But  in  the  case  of  coal  gas,  air,  or  oil,  the 
chief  agents  for  the  transmission  of  heat  in  internal  combustion 
engines,  the  variation  from  a  perfect  gas  is  so  slight  that,  for  prac- 
tical purposes,  it  may  be  neglected. 

Of  the  difierent  laws  regulating  the  action  of  gases,  two  only  are 
essential,  in  order  to  understand  the  phenomena  in  a  heat  engine. 
The  first  is  known  as  Boyle's  Law  in  England,  and  Marriotte's 
Law  on  the  Oontinent.  It  was  first  propounded  by  Robert  Boyle 
in  1662,  and  is  as  follows  : — 

Boyle's  Law. — I.  If  the  temperature  of  a  gas  be  kept  constant, 
its  pressure  will  vary  inversely  as  the  volume  it  occupies. 

This  proposition  defines  the  relation  between  two  attributes 
invariably  found  in  all  gases,  whatever  their  composition,  volume, 
and  pressure,  the  latter  being  the  force  the  gas  exerts  upon  the 
walls  surrounding  it,  reckoned  in  lbs.  per  square  inch.  All  the 
phenomena  taking  place  in  a  heat  engine  are  produced  by  varying 
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one  or  other  of  these  attribates — that  is,  by  increasing  or  diminish- 
ing the  temperature,  the  volume,  or  the  pressure  of  a  gas.  Boyle's 
lav  may  be  illustrated  by  imagining  a  cylinder  containing  a  piston, 
both  perfectly  tight.  The  piston  is  set  half-vay  through  the  length 
of  the  cylinder,  and  gas  admitted  on  one  side  of  it ;  and  the  tern- 
perature  of  the  gas  being  kept  constant,  the  supply  is  next  cut  ofi 
If  the  piston  be  then  moved  to  its  farthest  limit,  it  will  uncover 
the  other  half  of  the  cylinder,  and  the  available  volume  will  be 
doubled.  The  gas  will  instantly  expand,  following  the  piston,  and 
as  no  more  is  admitted,  the  same  quantity  will  occupy  twice  as 
much  space  as  before.  But  this  increase  in  volume  of  gas  will  also 
be  accompanied  by  a  corresponding  diminution  in  pressure.  The 
force  exerted  by  the  gas  on  the  piston  will,  at  the  end  of  the  stroke, 
be  half  as  much  as  before.  If  the  space  originally  occupied  by  the 
gas  be  called  one  volume,  and  its  pressure  be  taken  as  equal  to 
that  of  the  atmosphere,  or  in  round  numbers,  a  pressure  of  15  lbs. 
on  every  square  inch  of  the  piston  surface,  the  gas,  when  the  piston 
has  moved  to  the  end  of  the  cylinder,  will  occupy  two  volumes,  but 
will  exert  a  pressure  of  only  7|  lbs.  per  square  inch  upon  the 
piston.  The  temperature  being  always  the  same,  the  products  of 
the  pressure  and  the  volume  will  remain  constant.  To  express 
Boyle's  law  differently — 

Volume  X  pressure  »  constant. 

Now  let  us  suppose  that  the  temperature  be  at  the  same  time 
varied ;  quite  different  conditions  are  immediately  introduced,  and 
the  law  requires  modification,  necessitated  by  the  introduction  of 
a  new  factor,  the  action  of  which  follows  a  second  law.  If  heat  be 
furnished  to  the  cylinder  described,  and  the  temperature  of  the  gas 
raised,  without  allowing  the  piston  to  move  out,  the  gas  will  con- 
tinue  to  occupy  the  same  space  as  before,  but  the  increase  of 
temperature  will  cause  the  pressure  to  increase.  The  heat  will 
force  the  particles  of  gas  further  apart,  and  the  pressure  or  tension 
will  rise  until,  if  the  temperature  be  continually  increased  without 
an  increase  in  the  volume,  the  gas  will  burst  the  cylinder.  This 
expansion  of  gas  through  the  application  of  heat,  and  its  correspond- 
ing contraction  when  heat  is  withdrawn,  have  been  carefully  verified, 
and  the  degree  of  variation  in  volume  or  pressure,  determined  by 
experiment,  has  been  found  to  be  in  exact  proportion  to  the  quan- 
tity of  heat  added  to,  or  abstracted  from,  the  gas.  It  forms  the  basis 
of  the  following  second  law  of  gases,  called  Charles'  law  in  England, 
and  the  law  of  Gay-Lussac  on  the  Continent 

Gtay-Lussac's  Law. — II.  The  pressure  being  constant  all  gases 
expand  ^f^  part  of  the  volume  they  occupy  at  0*  C.  for  every  rise 
of  r  C.  in  their  temperature.  The  law  may  be  stated  differently 
thus  : — 

Suppose  a  gas  at  0*  C.  is  at  constant  volume  in  a  closed  vessel, 
and  exerting  a  pressure  of  273  lbs.  per  square  inch.     For  each  degree 
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Centigrade  added  to  its  temperature,  the  pressure  of  the  gas  will 
increase  1  lb.  per  square  inch.  If,  therefore,  its  temperature  be 
raised  10*  the  pressure  will  be  283  lbs.  per  square  inoh.  The  con- 
verse of  the  law  also  holds  good.  If  the  volume  remains  constant, 
the  initial  pressure  of  a  gas  at  0^  C.  diminishes  by  ^f?  p^rt  for  each 
degree  Centigrade  by  which  its  temperature  is  lowered.  There- 
fore, if  a  gas  at  0*  C.  be  reduced  T,  it  will  contract  by  ^rs  V^^ 
of  its  volume,  and  if  it  were  possible  to  continue  the  process,  and  to 
lower  gradually  the  temperature  of  the  gas  273*  C,  a  point  would 
be  reached,  called  the  '*  absolute  zero,"  at  which  the  gas  would 
theoretically  possess  neither  volume  nor  pressure.  In  practice, 
however,  this  limit  is  never  reached,  a  "  critical "  point  intervening^ 
at  which  the  gas  alters  its  physical  condition  and  liquefies,  when  the 
law  as  to  gases  naturally  holds  good  no  longer.  According  to  the 
law  of  Gay-Lussac,  more  heat  could  not  be  abstracted,  even  if  the 
lowest  limit  of  temperature  were  not  reached,  because  the  gas  would 
have  no  further  power  of  contraction,  and  therefore  of  diminution 
in  pressure. 

No  one  has  yet  been  able  to  reduce  a  body  to  this  extreme  of 
cold,  although  in  recent  experiments  it  has  been  approached.  The 
"absolute  zero"— viz.,  273*  below  0*  C.  and  461*  below  0*  F.— is^ 
however,  the  basis  of  all  calculations  of  temperature  in  sdentifio 
work.  The  zeros  fixed  by  Fahrenheit,  E^umur,  and  Celsius  are  all 
arbitrary  determinations,  below  which  temperatures  continually  fiedl, 
but  they  cannot  be  used  as  the  original  starting  point  fur  measuring 
heat  *  In  calculating  the  heat  in  an  engine,  the  temperatures  are 
usually  measured  from  the  absolute  zero,  or  ordinary  temperature 
Centigrade  +  273*.  Now  in  the  first  law  of  gases  there  are  only 
two  characteristics  of  a  gas  and  their  variations  to  be  considered. 
In  the  second  law,  a  third  is  added,  and  the  relation  between  the 
three  is  expressed  thus  : — 

V  x  p        ^      .  ^ 

— ^  -  =  Ratio  or  R. 

Put  into  words  this  formula  runs : — The  volume  v  multiplied  by 
the  pressure  p  of  any  gas,  and  divided  by  the  absolute  temperature 
T,  are  equal  to  a  certain  fixed  ratio,  R.  The  same  \kw  may,  of 
course,  be  expressed  thus  : — 

v  X  p  =  R  X  T. 

The  value  of  R  for  air  is  29-64. 

This  expansion  of  a  gas  ^^  of  its  volume  for  every  degree  Centi- 
grade added  to  its  temperature,  is  equal  to  the  fraction  000367, 
called  the  coefficient  of  expansion.     The  term  '<  coefficient "  signifies 

*  The  centigrade  scale  fixed  by  Celsius  has  been  practically  adopted  in  Europe 
and  America  tor  scientific  work.  It  is  often  used  in  this  book,  in  order  not  to 
confuse  the  student  passins  on  to  other  and  more  elaborate  theoretical  works,, 
in  which  he  will  find  no  other  scale  of  temperature  given. 
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a  fixed  quantity  or  mean  ralue,  accurately  determined  by  experi- 
ment, and  applying  equally  to  all  bodies  possessing  the  same  pro- 
per ties,  and  under  the  same  conditions.  If  the  amount  of  heat 
added  to  any  gas  be  known,  the  degree  to  which  it  will  expand  can 
be  exactly  calculated  by  this  coefficient  As  it  increases  in  pressure 
or  expands  in  regular  proportion  to  the  heat  added,  it  is  evident 
that  there  must  exist  some  fixed  relation  between  the  expansion  of 
the  gas  and  the  temperature  producing  it.  This  relation  forms  a 
link  between  the  laws  of  gases  we  have  just  been  considering  and 
those  governing  the  action  of  heat,  and  furnishes  a  good  example  of 
the  first  and  most  important  Law  of  Thermodynamics,  the  Mechani- 
cal Equivalent  of  Heat.     It  may  be  briefly  stated  thus : — 

Joule's  Law — Meohanioal  Equivalent. — ^I.  Whenever  heat 
is  imparted  to,  or  withdrawn  from  a  body,  energy  is  generated  in 
proportion,  or  an  equivalent  amount  of  mechanical  work  is  done  by 
the  body,  or  upon  it  by  external  agency.  The  proportion  between 
the  heat  absorbed,  or  given  out,  and  the  work  performed  is  always 
the  same. 

This  law,  which  has  given  a  new  direction  to  scientific  thought 
during  the  last  half  century,  was  fore-shadowed  by  Count  Rumford 
and  Sir  Humphry  Davy,  and  discovered  almost  simultaneously  in 
England  by  Joule,  in  Germany  by  Meyer,  and  in  France  by  Hirn. 
The  priority  is  usually  ascribed  to  Joule,  who  published  the  results 
of  his  experiments  in  1843,  and  the  law  is  known  in  England  as 
the  Law  of  the  Mechanical  Equivalent  of  heat,  or  briefly  as  Joule's 
Equivalent.  It  is  twofold  in  its  operation  and  efiects,  and  may  be 
expressed  as : — heat  is  a  form  of  energy,  or  mechanical  energy 
(work)  may  be  converted  into  heat  according  to  a  definite  law. 

To  explain  it  we  will  again  use  our  illustration  of  a  cylinder 
with  an  air-tight  piston,  containing  a  given  volume  of  gas.  As 
long  as  the  temperature  of  the  gas  does  not  vary,  its  volume  and 
pressure  have  been  proved  to  stand  to  each  other  in  exactly  inverse 
ratios.  As  the  one  increases,  the  other  decreases.  If  heat  be 
added,  the  gas  expands,  the  pressure  rising  in  exact  proportion  to 
the  increase  in  heat  It  is  the  law  of  the  mechanical  equivalent 
which  explains  the  reason  of  this  increase  in  ex{>ansive  power. 
Heat  has  been  put  into  the  gas,  and  disappears  as  heat,  to  reappear 
in  some  other  form.  Nor  can  it  be  otherwise.  The  law  of  the 
mechanical  equivalent  is  a  necessary  deduction  from  the  principle 
that  nothing  in  nature  can  be  lost  or  wasted.  All  the  heat  im- 
parted to  the  gas  must  be  found  again,  either  as  heat,  or 
transformed  into  some  other  form  of  energy.  In  the  case  of  our 
cylinder  and  piston,  all  the  heat  will  be  changed  into  work,  and 
will  be  absorbed  in  producing  the  expansive  force  of  the  gases 
driving  out  the  piston.  Were  there  no  piston,  and  the  cylinder 
open  at  one  end,  work,  since  it  must  be  done  by  the  expansion  of 
the  gases,  would  be  done  on  the  atmosphere.  In  no  case  can  the 
heat  imparted  to  the  gas  be  lost.     Either  it  is  represented  by  the 
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expansion  of  the  gas,  or  carried  off  by  radiation  to  the  conducting 
substanoes  surrounding  the  cylinder. 

The  earliest  and  simplest  example  of  heat  transformed  into 
mechanioal  energy  is  shown  by  a  cannon,  which  is  really  a  primitive 
focm  of  heat  eagine.  The  bore  of  the  cannon  represents  a  cylinder, 
the  buUet  is  acted  upon  in  the  same  way  as  a  piston.  A  solid 
combustible  is  used  to  produce  inflammable  gas,  but  the  effect  is 
the  same  as  in  a  gas  motor.  Heat  applied  to  this  combustible  or 
powder  causes  it  to  explode,  and  the  force  of  the  explosion,  or 
expansion  of  the  gases  generated,  drives  out  the  bullet  with  great 
Telocity.  Not  oi^y  can  heat  be  thus  transformed  into  actual  work, 
but  the  converse  proposition  that  energy  may  be  translated  into 
heat  has  been  demonstrated  by  many  careful  experiments.  Both 
are  mutually  convertible  forces,  and  this  may  be  verified  by 
suddenly  arresting  the  progress  of  the  bullet.  The  energy  of 
motion  imparted  to  it  by  the  heat  of  combustion  and  not  yet 
expended,  is  immediately  retransformed  into  heat,  and  the  bullet  is 
found  to  be  mudi  hotter  than  if  it  had  l>een  allowed  to  continue  its 
course  till  its  velocity  was  spent.  Sir  Humphry  Davy  demon- 
strated the  truth  of  this  proposition  in  another  way,  by  his 
celebrated  experiment  of  rubbing  two  pieces  of  ioe  together  in  a 
vacuum,  without  change  of  temperature.  Water  was  produced, 
showing  that  the  ice  was  partially  melted,  and  the  heat  required  to 
effect  this  change  of  state  could  only  have  been  obtained  by  friction 
— ^that  is,  by  mechanical  energy  or  work,  as  no  heat  had  been 
added  externally  to  the  ice. 

The  theory  of  the  mechanical  equivalent  is  equally  applicable, 
whether  a  gas  be  heated  or  cooled.  If  heat  be  imparted  to  it,  and 
the  gas  allowed  to  expand,  the  particles  are  driven  further  apart ; 
if  heat  be  abstracted  they  shrink.  Work  will  be  done  on  the  gas 
by  contraction,  instead  of  6y  the  gas  through  expansion.  But  if  a 
gas  be  compressed  at  constant  tetnperature,  and  no  heat  abstracted, 
work  being  done  on  it,  and  the  gas  caused  to  diminish  in  volume, 
heat  wiU  be  stored  up,  and  the  temperature  of  the  gas  raised.  The 
energy  of  motion  or  mechanical  work  of  compression  of  the  particles 
is  transformed  into  heat.  If,  however,  the  heat  is  carried  off  in 
proportion  as  it  is  evolved  by  contraction,  the  gas  will,  as  has 
been  shown,  gradually  decrease  in  volume,  in  temperature,  and  in 
pressure,  until  the  point  of  absolute  zero  is  reached.  In  this  way 
the  law  of  the  mechanical  equivalent  confirms  the  existence  of  an 
absolute  zero.  If  it  were  possible  for  the  gas  to  exceed  this  limit 
in  any  one  of  its  three  characteristics,  the  fundamental  law  of 
thermodynamics  would  be  violated.  If  it  could  decrease  still 
further  in  volume,  work  would  be  done  in  contraction  without  any 
corresponding  diminution  in  temperature,  and  we  should  have 
energy  without  heat.  The  two  aspects  of  the  law  in  its  application 
to  gases  are,  expansion  by  the  addition  of  heat,  and  contraction  by 
the  withdrawal  of  heat.     In  a  heat  motor  the  first  is  called  positive. 
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and  the  seoond  negative  work.  It  is  with  the  effect  produced  by 
external  work  that  the  theory  and  practice  of  heat  engines  are 
chiefly  concerned. 

Thermal  Units. — The  proportion  between  the  heat  added  and 
work  done  being  a  fixed  quantity,  it  is  possible  to  determine 
accurately  the  work  theoretically  performed  for  a  given  amount  of 
heat  supplied.  The  two  are  linked  together  in  practice,  and  the 
relation  in  which  they  stand  to  each  other  is  expressed  in  the 
following  way : — In  England  it  is  usual  to  adopt  as  the  unit  of 
Heat  the  "  British  Thermal  Unit"  (B.T.U.),  or  the  amount  of  heat 
which  will  raise  1  lb.  water  V  F.,  and  if  this  unit  of  heat  be  applied 
to  a  body,  it  is  equivalent  to  the  work  of  lifting  778  lbs.  1  foot  in 
height,  or  a  weight  of  1  lb.  a  distance  of  778  feet.  On  the  Continent 
the  unit  of  heat  is  called  a  ** calorie"  One  calorie  represents 
the  amount  of  heat  required  to  raise  the  temperature  of  1  kilo- 
gramme of  water  V  0,,  and  if  this  quantity  of  heat  be  converted 
into  work,  it  will  lift  425  kilos,  through  1  metre,  or  1  kilo,  through 
425  metres.  The  unit  of  measurement  of  work  is  called  foot-pound 
in  England  (ft.  x  lb.),  and  a  kilogrammetre  abroad  (kilo,  x  metre). 
The  difference  lies  only  in  the  respective  units  of  weight  and  tem- 
perature employed  here  and  on  the  Continent. 

The  measurement  of  the  exact  relation  between  heat  and  work 
was  determined  by  James  Prescott  Joule,  after  long  and  careful 
experiments.  The  apparatus  he  principally  made  use  of  to  verify 
the  law  of  the  mechanical  equivalent  consisted  of  a  closed  cop- 
per vessel  filled  with  water.  Within  it  were  revolving  paddles 
attached  to  a  vertical  spindle.  The  spindle  and  paddles  were  made 
to  rotate  by  means  of  a  cord  passing  over  a  pulley  connected  to  a 
weight.  When  the  weight  fell,  the  spindle  rotated,  causing  the 
paddles  to  revolve  and  to  agitate  the  water,  and  heat  was  produced 
by  friction  between  them.  The  rise  in  degrees  of  temperature  of 
the  water  was  found  to  be  exactly  in  proportion  to  the  distance  in 
feet  passed  through  by  the  weight,  multiplied  by  the  number  of 
lbs.  it  weighed.  From  these  and  many  similar  experiments  with 
water  and  gases,  Joule  deduced  his  great  law. 

Speoiflo  Heat. — All  bodies  have  not  the  same  capacity  for 
absorbing  heat.  Those  which  are  heated  without  changing  their 
physical  state  require  less  heat  to  raise  their  temperature  than 
bodies  which  are  converted,  during  the  rise,  say  from  liquid  to 
gaseous.  A  large  quantity  of  heat  must,  for  instance,  be  imparted 
to  water,  because,  after  it  has  absorbed  a  certain  amount  it  ceases 
to  be  a  liquid,  and  becomes  a  gas,  steam.  Specific  heat  is  the 
quantity  of  heat  necessary  to  vary  the  temperature  of  any  body 
through  one  degree,  the  quantity  of  heat  required  to  raise  or 
lower  the  temperature  of  an  equal  weight  of  water  through 
one  degree  being  taken  as  the  unit.  Water  is  universally  adopted 
as  the  standard  of  comparison,  and  its  specific  heat  being  greater 
than  that  of  most  other  bodies,  their  specific  heats  are  expressed 
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in  fractions.  For  example,  a  B.T.U.  represents  the  amount  of 
heat  required  to  raise  1  lb.  of  water  1*  F.,  therefore,  100  heat 
units  will  raise  its  temperature  100*  F.  The  specific  heat  of 
mercury  is  -03332.  To  raise  1  lb.  of  mercury  through  100*  F.  will 
require  -03332  x  100*  x  1  lb.  »  3*332  heat  units.  The  specific 
heat  of  mercury  is,  therefore,  about  |^  that  of  the  same  weight 
of  water,  which  requires  thirty  times  more  heat  units  to  bring 
it  to  the  same  temperature.  Specific  heat  has  been  ably  illus- 
trated by  Mr.  H.  Graham  Harris  under  the  similitude  of  **  appe- 
tite." ^^ 

Farther,  the  specific  heat  of  the  same  body  will  vary  according 
to  circumstances.  If  the  body  remains  under  stationary  conditions, 
its  specific  heat  will  be  less  than  if  its  condition  changes.  To  return 
again  to  the  cylinder  containing  a  given  volume  of  gas.  As  long  as 
the  gas  remains  inert  or  passive,  and  its  volume  does  not  vary,  it 
poesesses  a  definite  specific  heat,  which  being  known,  the  quantity 
of  heat  to  be  added,  to  raise  it  to  a  certain  temperature,  can  be 
calculated.  But  if  the  piston  is  driven  out,  by  reason  of  the 
expansion  of  the  gas  which,  according  to  Oay-Lussac's  law,  increases 
in  volume  by  ^^  for  every  degree  rise  in  temperature,  work  will 
be  done,  and  heat  will  in  consequence  be  expended.  More  heat 
will,  therefore,  be  required  to  heat  the  gas — that  is,  its  "heat 
appetite"  will  be  greater  when  it  has  forc^  out  the  piston  than 
before.  Under  the  first  condition,  the  heat  absorbed  by  the  gas  is 
defined  as  its  "specific  heat  at  constant  volume,"  because,  the 
piston  being  stationary,  neither  the  volume  of  the  cylinder  nor  that 
of  the  gas  has  varied.  As  the  piston  moves  towards  the  end  of  the 
stroke,  the  volume  is  increased,  and  expansion  takes  place.  The 
heat  of  the  gas  is  then  called  its  "  specific  heat  at  constant  pressure,'' 
because,  while  the  volume  of  the  cylinder  has  varied,  the  pressure 
over  the  piston  area  has  been  constant.  The  specific  heat  of  the 
gas  at  constant  pressure  will  be  higher  than  at  constant  volume, 
and  the  difference  between  the  two  represents  the  work  done 
per  lb.  of  gas.  That  is  to  say,  the  increase  of  specific  heat  in 
the  gas  denotes  the  amount  of  heat  required  to  maintain  the 
requisite  pressure  on  the  piston,  and  therefore  the  work  it  has 
performed. 

The  ratio  between  these  two  specific  heats  is  of  great  importance, 
and  has  frequently  to  be  employed  in  calculations  of  efficiency  or 
mechanical  energy  in  a  heat  engine.  It  varies  slightly  as  given  by 
different  authorities,  but  is  usually  reckoned  at  1*39  by  foreign,  and 
1*408  by  English  writers.  The  following  table,  taken  from 
Regnault,  Grashof,  Ayrton  and  Perry,  and  others,  gives  the 
specific  heats  of  various  gases  at  constant  pressure  and  constant 
volume,  atnd  their  ratio : — 

*  See  Mr.  Harris's  Cantor  Lectures  on  "  Heat  En^nes  other  than  Steam," 
delivered  before  the  Society  of  Arts,  May,  1889,  to  which  the  student  is  referred 
for  an  exceedingly  clear  elementary  treatment  of  the  subject. 
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Thii  ratio,  1  *4,  is  usually  expressed  by  a  symbol,  which  we  will 
call  y  (*).  The  symbol  (x)  representa  the  difference  between  the 
specific  heat  of  the  gas  at  constant  volume  and  that  at  constant 
pressure.  For  example,  for  air  0*237 - 0*168  =  0069  B.T.U.  equals 
the  increase  in  the  specific  heat  at  constant  pressure,  when  external 
work  has  been  done,  over  that  at  constant  volume,  when  no  such 
work  has  been  done. 

The  foregoing  laws  and  their  results  show  the  way  in  which 
mechanical  work  is  obtained  in  a  heat  engine.  The  whole  principle 
of  converting  heat  into  work  depends  on  the  heat  added  to  the  gas, 
and  its  effect  upon  the  volumes  and  pressures.  Theoretically,  the 
greater  the  quantity  of  heat  added,  the  more  work  will  be  done  on 
the  piston,  because*  the  pressure  will  be  higher,  and  expansion 
greater.  But  to  obtain  a  maximum  of  work,  all  sources  of  waste 
must  be  guarded  against.  The  temperature  of  the  gas  should,  at 
the  outset,  be  raised  to  its  highest  limit,  as  much  heat  as  possible 
utilised  in  expansion,  and  as  little  as  possible  wasted.  It  is  necesr 
sary  to  have  at  our  disposal  a  source  of  heat  and  a  source  of  cold, 
the  one  to  impart,  the  other  to  withdraw  the  heat.  These  conditi^ms 
bring  us  to  the  second  law  of  thermodynamics,  known  as  Camof  1, 
because  it  was  first  laid  down  by  him  in  1824.     It  is  as  follows  :— 

Oamot's  Law. — II.  If  heat  is  exchanged  at  constant  temperar 
ture  between  a  source  of  heat  and  a  source  of  cold,  the  proportion 
between  the  quantity  of  heat  furnished  and  that  abstracted  depends 
only  on  the  absolute  temperature  (Centigrade  +  273'')9  and  not  on  the 
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nAtare  of  the  body  to  which  the  heat  is  imparted.  The  expression 
"  constant  temperature  "  means,  not  that  the  amount  of  heat  present 
does  not  vary,  but  that  it  varies  only  in  proportion  to  the  work 
done,  so  that  the  temperature  is  not  affected.  This  law,  when 
applied  to  the  phenomena  in  a  heat  engine,  results  in  what  is  called 
a  '^  perfect  cycle."  It  supposes  the  whole  difference  of  temperature 
between  the  "  heat "  source  and  the  **  cold  "  source  to  be  utilised  in 
doing  work,  and  no  heat  to  be  carried  off  and  wasted,  a  condition  of 
things,  of  course,  impossible  in  practice. 

But  where,  it  will  be  asked,  is  the  necessity  for  a  source  of  cold  ? 
Since  the  more  heat  is  added  to  a  gas,  and  absorbed  in  expansion, 
the  more  work  will  be  done,  why  should  not  the  whole  of  the 
imparted  heat  be  thus  utilised,  and  none  remain  to  be  withdrawn  ? 
The  reason  is  that,  as  there  is  an  absolute  zero  to  which  no  gas  can 
ever  be  cooled,  therefore  the  whole  heat  can  never  be  converted  into 
work.  In  a  motor  driven  by  water  falling  from  a  given  height,  to 
turn  to  practical  account  all  the  energy  stored  up  in  the  water,  it 
should  fall  to  the  centre  of  the  earth !  As  it  can  only  descend  a 
given  distance,  from  whatever  height  it  may  come,  only  a  certain 
proportion  of  its  energy  can  be  utilised.  The  same  law  applies  to 
the  fall  in  temperature  of  a  heat  engine.  It  is  only  within  certain 
limits  that  this  range  of  temperature  can  be  varied,  but  the  wider 
the  limits,  the  greater  the  force  or  energy  obtained.  To  enlarge 
these  limits  as  much  as  possible,  heat  must  be  added,  and  the 
temperature  of  the  working  agent  raised  at  the  beginning. 

This  fall  in  temperature  of  a  gas,  and  the  corresponding  loss  in 
pressure  upon  the  piston,  takes  place  inside  the  cylinder  of  a  heat 
engine.  To  calculate  the  work  done,  it  is  very  desirable  to  have  a 
record  of  the  actual  pressures  during  the  forward  stroke.  This  is 
obtained  by  an  instrument  called  an  Indicator,  which  is  placed  in 
direct  communication  with  the  cylinder,  and  gives  a  diagram  mark- 
ing on  paper  with  varying  pressures.  The  curve  traced  first  rises 
abruptly,  marking  the  sudden  rise  in  pressure  due  to  explosion  at 
constant  volume,  and  then  falls  gradually  with  decrease  of  cylinder 
volume,  showing  how  the  pressures  slowly  decrease  as  the  piston  is 
driven  out  To  exhibit  clearly  the  proportions  between  the  loss  of 
heat  and  pressui*e  and  the  work  done  during  the  changes  in  the  gas, 
two  theoretical  curves  are  used. 

1.  The  first  is  known  as  the  Isothermal,  and  signifies  from  its 
name  the  curve  of  equal  temperatures.  Here  the  piston  of  a 
cylinder  moves  out,  by  the  expansion  of  the  gas  produced  by  the 
addition  of  heat,  and  the  effect  of  the  expansion  is  represented  by  a 
curve  in  which  the  temperature  is  constant,  and  the  pressure  alone 
falls.  It  has  been  proved  that,  where  work  is  done  on  the  piston  by 
a  gas,  the  temperature  must  fall ;  the  isothermal  curve,  therefore,  is 
based  on  the  assumption  that  heat  is  added  to  the  gas,  to  compen- 
sate for  that  lost  in  expansion.  The  curve  is  never  obtained  in 
practice,  but  it  is  occasionally  approached  when  the  process  of 
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ezpanBion  in  a  heat  engine  ia  reversed,  and  heat  is  refdnded  to  the 
gas  bj  compression.  In  either  case,  the  volume  of  the  gas  varies  in 
inverse  ratio  to  the  pressure. 

2.  The  Adiabatio  is  another  theoretical  curve,  representing  the 
fall  in  temperature  when  heat  is  neither  added  to  nor  abstracted 
from  the  working  agent,  but  expended  only  in  doing  work  by 
expansion  on  the  piston.  The  term  is  derived  from  a  Greek  word 
signifying  "  impenetrable,"  and  was  first  applied  by  Bankine.  The 
nearer  the  diagrams  of  pressure  approximate  to  this  curve,  the  more 
perfectly  will  the  engine  utilise  the  heat  imparted  to  the  gas.  If  the 
difference  in  the  specific  heat  of  a  gas  at  constant  volume  and  at 
constant  pressure  be  taken  as  representing  the  heat  turned  into 
work,  the  ratio  between  the  two  is  graphically  shown  by  the  adiabatic 
curve.  Since  no  heat  is  added  or  withdrawn,  the  temperatures  do 
not  enter  into  the  definition,  and  the  curve  may  be  expressed  as  a 
function  of  volumes  and  pressures,  thus  p  x  v^  ia  constant^  or : — 
The  pressures  of  the  gas,  multiplied  by  the  volumes,  raised  to  the 
power  of  the  ratio  of  the  two  specific  heats,  give  a  constant  product. 
Camot's  Cycle. — Fig.  98  gives  a  graphic  representation  of 
Gamot's  law  which,  plotted  out  in  the  shape  of  the  curves  just 

described,  forms  a  perfect  or  closed  cycle. 
Here  the  working  agent,  after  passing 
through  the  phases  of  the  addition  of 
heat,  expansion,  abstraction  of  heat  and 
compression,  is  brought  back  theore- 
tically to  its  original  condition.  The 
processes  of  heating  and  cooling  can  be 
continuously  repeated,  or  the  sequence 
of  operations  reversed.  The  necessity 
for  a  source  of  cold  is  manifest.  If 
Fig.  W.-Graphic  RepreBen-  *^®  working  agent  is  a  gas,  it  must  be 
tation  of  Gamot'B  I^w.  cooled  to  its  initial  temperature,  and 
this  cannot  be  accomplished  by  the  work 
of  expansion  alone.  It  has  hitherto  seldom  been  found  possible 
in  any  engine  to  allow  the  gases  to  expand  to  atmosphere,  and 
thus  use  in  work  all  the  heat  generated.  The  cycle  (Fie.  98)  is 
formed  of  two  isothermal  and  two  adiabatic  curves,  and  shows 
their  theoretical  forms  on  a  small  scale.  The  gas  first  receives  heat 
from  the  source  of  heat,  and  expands  along  the  line  A  B  with 
increase  of  volume.  As  the  temperature  is  not  allowed  to  fidl, 
the  curve  is  an  isothermal.  From  B  to  0  there  is  another  increase 
of  volume.  The  gas  expands  without  the  addition  of  heat,  the 
temperature  falls  in  consequence  only  of  work  done,  and  this  line 
shows  the  curve  of  adiabatic  expansion.  At  C  communication  is 
opened  with  the  source  of  cold,  and  heat  is  supposed  to  be  with- 
drawn along  the  line  0  D  to  the  same  extent  as  it  was  added 
from  A  to  B.  The  volume  is  here  diminished,  and  the  line 
G  D  is  again  isothermal      From  D  to  A  the  gas  is  compressed 


oarnot's  formula.  229 

without  heat  heing  abstracted,  and  consequently  increases  in 
temperature,  in  proportion  to  the  work  done  upon  it.  Compression 
is  adiabatic,  and  at  the  end  of  the  cycle  the  gas  has  returned  to  its 
original  volume. 

Actual  indicator  diagrams  of  gas  engines  do  not  usually  consist  of 
four  curves.  There  is  first  the  line  of  addition  of  heat,  nearly 
vertical,  then  the  expansion  line,  conforming  more  or  less  to  the 
adiabatic,  and  lastly  the  exhaust,  or  discharge  of  the  remaining  heat 
to  the  cold  source,  which  is  generally  nearly  horizontal.  (See  the 
diagrams  of  the  various  engines  given  in  several  places.) 

It  is  a  condition  of  the  (^rnot  cycle  that  heat  is  only  added  when 
the  gas  is  at  its  highest  temperature,  before  any  work  has  been  done, 
and  abstracted  at  its  lowest,  after  expansion.  Since  the  mechanical 
energy  obtained  is  in  strict  proportion  to  the  heat  imparted  to  the 
working  agent,  this  ideal  or  typical  cycle  furnishes  and  utilises  the 
largest  amount  of  heat.  Him,  the  great  French  savcmty  says : — 
*^  It  must  be  evident  that  this  closed  cycle  has  been  designed  to 
afford  a  maximum  of  work.  The  heat  given  up  by  the  source  of 
heat  has  been  employed  solely  to  produce  work,  and  a  maximum 
has  therefore  been  obtained.  The  heat  sent  on  to  the  refrigerator 
has  been  evolved  as  economically  as  possible,  since  the  work  has 
produced  no  variation  of  temperature.  The  object  of  the  other  two 
operations  (along  the  curves  C  D  and  D  A)  has  been  solely  to  cause 
a  fall  and  a  corresponding  rise  in  the  temperatures  and  pressures.'' 
Thus  the  cycle  obtained  is  perfect,  since  the  heat  supplied  from  the 
source  of  heat  and  by  compression,  is  equal  to  the  heat  expended 
during  expansion  and  conveyed  to  the  refrigerator.  Therefore  the 
working  agent  or  gas  is  at  the  close  of  the  cycle  in  the  same  con- 
dition— ^tlukt  is,  at  the  same  temperature  and  pressure — ^as  at  the 
beginning.  Olearly  the  source  of  heat  and  the  refrigerator  act  by 
alternately  expanding  and  contracting  the  working  agent  or  gas. 

Camot's  Formula. — This  cycle  may  be  expressed  by  the  follow- 
ing formula,  in  which  Q  represents  the  quantities  of  heat  supplied 
by  the  source  of  heat,  and  q  the  quantities  passed  on  to  the  source 
of  cold,  or,  in  other  words,  rejected  because  they  cannot  be  utilised. 
T|  is  the  absolute  highest,  and  Tq  the  absolute  lowest  temperature, 
and  E  what  is  called  the  theoretical  efficiency  of  the  engine  :— 

V  -  Q  -  y  -  'ri   -  To  _  ,        To 
^-  -Q---T|        -  ^  -  Tl 

On  this  theoretical  basis  the  heat  efficiency  is  calculated  between 
the  highest  and  lowest  temperatures. 

NvMurical  Example, — In  the  Atkinson  9  H.P.  engine,  tested 
by  the  Committee  of  the  Society  of  Arts  in  1888,  the  temperature 
of  the  gases  (Fahr.)  on  entering  the  cylinder  was  567^  absolute 
(Tg),  and  their  temperature  at  the  moment  of  highest  explosion 
2990*  absolute  (T  J.     The  theoretical  formula  of  efficiency  is-~ 
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T,  2990- 

The  student  will  here  be  inclined  to  ask  what,  in  this  simple 
formula,  becomes  of  the  ratios  of  specific  heats  at  constant  volume 
and  pressure,  the  coefficient  of  expansion,  and  the  other  complex 
attributes  of  expanding  gases  already  described.  They  are  here 
expressed  in  their  simplest  forms,  and  nothing  is  taken  into 
account  except  the  quantities  of  heat,  and  the  temperatures.  Now 
the  temperatures  in  a  heat  engine  must,  except  the  initial 
temperature  of  the  gases,  be  deduced  from  the  pressures  and 
volumes.  It  is  in  making  these  calculations  that  the  specific 
heat  of  the  gases  under  different  conditions,  the  ratio  of  expansion 
to  increase  of  temperature,  and  other  modifying  circumstances 
have  to  be  considered.  To  calculate  the  work  of  an  actual  engine 
four  or  five  temperatures,  with  their  corresponding  variations  of 
volumes  and  pressures,  must  be  determined  and  calculated  from 
experiment  The  above  formula  gives  the  method  of  calculation, 
not  the  process  by  which  it  has  been  arrived  at. 

Ideal  BAoienoy. — Both  the  highest  and  lowest  temperatures, 
T,  and  T^,  in  a  heat  engine,  and  the  maximum  amount  of  work 
wnich  may  be  obtained  from  it,  are  restricted  within  certain  limits. 
Even  in  this  perfect  cycle,  it  has  been  proved  to  be  impossible  for 
the  lowest  temperature,  T^,  to  fall  below  a  given  point.  The 
highest,  Tj,  is  almost  as  rigidly  defined  by  the  phenomena  of  dis- 
sociation,  the  power  of  the  cast-iron  cylinder  and  the  lubricant 
to  resist  great  heat,  and  other  circumtances.  A  perfect  engine, 
therefore,  is  not  one  giving  unlimited  expansion,  and  100  per  cent 
of  work,  but  one  which  turns  all  the  heat  supplied  to  it  between 
the  limits  T^  and  T^  into  work.  This  is  its  maximum  utilisation 
of  heat,  or  what  is  called  the  *' ideal  efficiency"  of  the  engine, 
which  we  will  now  compare  with  the  practical  efficiency,  or  the 
amount  of  heat  a  working  engine  can  actually  convert  into  motive 
power. 

To  obtain  the  highest  efficiency,  an  ideal  engine  must  be  sup- 
posed to  work  with — 1.  A  perfect  gas,  the  volumes  and  pressures 
of  which  conform  to  the  laws  of  Boyle  and  Gay-Lussac.  A  study 
of  the  chemical  constituents  of  gases,  and  their  action  during 
combustion,  shows  that  this  conformity  is  never  obtained  in  the 
cylinder  of  a  gas  engine.  2.  No  friction  of  the  working  parts. 
Friction  generates  heat,  and  heat  we  know  is  the  equivalent  of 
energy.  Part,  therefore,  of  the  mechanical  energy  of  the  motor» 
which  in  an  ideal  engine  cannot  be  taken  into  account,  is  absorbed 
to  produce  this  heat.  3.  No  radiation  or  conduction  of  the  heat 
through  the  walls  of  the  cylinder  containing  the  gas.  Of  course, 
it  is  impossible  to  have  a  vessel  of  this  nature — that  is,  an 
absolute  non-conductor  of  heat.  As  soon  as  the  gas  is  at  a 
higher  temperature  than  the  surrounding  atmosphere,  a  certain 


OA8  BNOIHB  CTCLB8. 


331 


portion  of  the  heat  must  be  tranAmitted  by  radiation  to  the 
colder  external  air.  4.  Lastly,  expansion  must  be  prolonged  till 
the  temperature  and  pressure  of  the  gases  is  the  same  as  at 
admission.  This  is  also  impossible.  The  temperature  of  the 
gases  is  always  much  higher  than  T^,  and  therefore  much  heat 
is  discharged  at  exhaust. 

Other  Cycles. — In  the  diagram  shown  at  Fig.  98  the  curves 
A  B  C  D  enclose  an  area  representing  not  only  the  heat  supplied, 
but  the  amount  of  work  done  by  a  heat  engine.  The  curves, 
and  therefore  the  shape  of  the  area,  may  however  vary  according 
to  the  way  in  which  the  heat  is  supplied  to,  and  withdrawn  from, 
the  engine,  or  according  to  the  expansion  and  compression  of  the 
charge.     Figs.  99  and  100  represent  .two  other  theoretical  cycles 


Fig.  99.— Constant  Volume. 


Fig.  100.— Constant  Preasure. 


known,  the  first  as  Stirling's,  the  second  as  Ericsson's.  Though 
the  curves  are  here  of  different  lengths,  they  are,  like  those 
forming  Camot's  cycle,  theoretically  perfect,  and  form  the 
boundaries  of  an  equal  area.  Heat  is  added  in  both  cycles 
from  D  to  A,  and  abstracted  from  B  to  0,  and  these  lines  are 
designated  by  Professor  Witz  "  isodiabatic,"  or  lines  of  equal 
transmission  of  heat.  The  curves  A  B  and  C  D  are  no  longer 
adiabatic,  but  isothermal.  The  first  represents  the  whole  of  the 
useful  conversion  of  heat  into  work  at  constant  temperature ;  in 
the  second  the  heat  is  refunded,  and  the  same  amount  restored 
to  the  gas  by  compression  as  was  expended  in  work.  The  lines 
B  C  and  D  A  are  straight,  parallel  in  the  one  case  to  the  vertical 
line,  called  an  ordinate,  at  the  left  hand  of  Fig.  99,  and  in  the 
other  to  the  horizontal  line  (abscissa)  at  the  bottom  of  Fig.  100. 
The  areas  enclosed  within  these  curves  form  the  bases  of  ^cula- 
tion  of  all  diagrams  representing  work  done  in  anv  heat  engine. 
The  ordinates  in  a  diagram  are  in  proportion  to  the  pressure  in 
the  cylinder,  the  abscisse  to  the  length  of  stroke. 

The  horizontal  lines  in  these  figures  represent  the  volumes  of  the 
cylinder.  Along  this  line  the  piston  may  be  said  to  travel,  driven 
forward  by  the  expanding  force  of  the  gas,  and  the  &rther  it  moves 
to  the  right  the  larger  the  cubic  contents  of  the  cylinder.     If  the 
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piston  is  moved  half  way  along  the  horizontal  line,  half  the  volume 
of  the  cylinder,  reckoning  from  the  dead  point,  will  be  uncovered 
by  it.  The  horizontal  line  in  an  indicator  diagram,  therefore,  repre- 
sents volumes  of  the  cylinder  or  lengths  of  stroke,  and  distances 
along  it  are  calculated  in  feet  or  metres.  The  vertical  line  in  the 
figures,  and  in  indicator  diagrams  of  heat  engines,  represents  the 
pressure  of  the  gas  obtained  by  the  addition  of  heat,  and  is  usually 
divided  into  sections  reckoned  as  so  many  lbs.  pressure  per  square 
inch  of  piston  surface.  So  that  we  get  horizontally  fsA^  and 
vertically  ^«.,  or  feet  x  lbs.  =  work  in  proportion  to  area  of 
diagram. 

Ibidioator  Diagrams. — It  will  make  the  study  of  the  heat  engine 
easier  to  the  student  if  we  describe  here  how  an  actual  indicator 
diagram  is  taken,  and  the  kind  of  instrument  used  to  trace  it^  The 
same  type  of  apparatus  is  employed  in  gas,  oil,  and  steam  engines. 
It  consists  of  a  small  piston  and  cylinder  in  direct  communication 
with  the  inside  of  the  motor  cylinder;  the  piston  is  forced  up  or  down 
with  the  varying  internal  pressures  produced  by  the  expansion  of 
the  gas.  To  the  upper  part  of  this  piston  is  attached  a  small  pencil. 
A  drum  covered  with  |>aper  is  made  to  travel  to  and  fro  at  the  same 
relative  speed  as  the  motor  piston.  The  apparatus  is  so  arranged 
that  as  the  drum  moves  horizontally,  the  pencil  of  the  indicator 
piston  moves  vertically.  The  pencil  goes  up  and  down  in  propor- 
tion to  the  cylinder  pressures  (Ibs^  and  the  paper  travels  to  and  fro 
in  proportion  to  the  stroke  (fL)  These  two  movements  are  brought 
in  contact,  and  the  pencil  traces  a  diagram  on  the  paper  (see  Fig.  106, 
p.  260).  The  vertical  lines  of  this  diagram  represent  lbs.  pressure 
per  square  inch  on  the  piston  surface,  and  the  horizontal  lines  feet 
travelled  through  by  the  piston. 

The  pressures  and  the  volumes  of  a  gas  being  known  from  the 
indicator  diagram,  the  temperatures  are  usually  calculated  from 
them.  To  determine  these  temperatures  in  a  gas  engine  is,  how- 
ever, a  difficult  process,  because  many  scientific  men  are  of  opinion 
that,  at  the  moment  of  explosion,  the  gases  in  the  cylinder  are  not 
at  a  uniform  temperature  throughout.  In  the  two  closed  cycles 
given  in  Figs.  99  and  100  the  lines  of  addition  and  abstraction  of 
heat^  DA  and  BC,  are  in  the  first  figure  parallel  to  the  pressures,  in 
the  other  to  the  volumes.  This  means  that  in  Fig.  99  the  heat  is 
supposed  to  be  added  from  the  source  of  heat  and  withdrawn,  while 
the  volume  remains  constant,  and  the  piston  stationary  at  either 
end  of  the  cylinder.  In  Fig.  100  the  heat  is  added  and  abstracted 
while  the  pressure  of  the  gas  remains  constant,  the  piston  being 
forced  out,  and  the  volume  of  the  cylinder  increased.  More  heat 
must  be  added  for  a  given  rise  of  temperature  than  in  the  other 
case,  because  a  certain  amount  is  expended  in  driving  the  piston. 
The  two  figures  exhibit,  under  another  form,  the  ratios  of  specific 
heat  at  constant  volume  and  at  constant  pressure. 

It  is  from  the  indicator  diagram,  therefore,  or  diagram  of  pres- 
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sores,  that  it  is  possible  to  know  theoretically  how  mnoh  heat  enters 
an  engine  (Q)  and  how  much  leaves  it  (q\  and  to  determine 

Q  -  q 
Efficiency  =  K  =    —q — 

But  this  formula  will  not  express  the  actual  work  done,  or  at 
least  the  determination  of  Q  and  q  will,  under  these  conditions,  be 
a  matter  of  great  difficulty.  Some  of  the  various  deficiencies  in  the 
cycle  of  a  working  engine  have  already  been  mentioned.  There  has 
hitherto  always  been  a  wide  discrepancy  between  the  theoretical 
possibilities  of  a  heat  motor,  and  the  actual  results.  To  discover 
the  reason  of  this  difference,  complete  investigations  and  experi- 
ments are  necessary.  Not  only  do  we  need  to  know  the  total 
amount  of  heat  supplied  to  an  engine,  and  what  becomes  of  it,  but 
how  and  when  the  heat  is  added.  Science  has  already  done  much 
to  elucidate  the  first  point ;  our  knowledge  of  the  second  is  still 
rather  elementary. 

Sntropy  and  Entropy  Diagrams. — The  following  account  of 
this  abstruse  subject  is  taken  from  an  article  by  the  author  in 
Engineerimg^  3rd  January,  1896,  forming  part  of  a  translation  of  a 
paper  by  Professor  J.  Boulvin  of  Ghent  University  : — 

In  the  calorimetric  study  of  any  engine,  the  exchanges  of  heat 
taking  place  between  the  fluid  and  the  internal  walls  of  the  cylinder 
should  be  determined,  and  for  this  process  the  graphic  method  will 
be  found  of  great  use.  For  instance,  the  heat  supplied  to  the  cylinder 
being  represented  by  a  given  area,  the  latter  may  be  divided  into 
several  parts,  one  of  which  will  represent  the  heat  converted  into 
work  on  the  piston,  another  the  heat  given  up  to  the  walls,  or  dissi- 
pated in  other  ways,  and  thus  a  kind  of  graphic  heat  balance  is 
obtained.  If  the  heat  not  utilised  in  work  be  further  subdivided 
into  its  component  parts,  or  into  loss  of  heat  due  to  the  water  jacket, 
to  the  exhaust,  and  to  radiation,  it  will  be  possible  to  show  exactly 
how  the  heat  supplied  to  the  engine  has  been  expended. 

The  indicator  diagram,  which  gives  changes  of  pressures  and 
volumes,  cannot  be  used  for  this  purpose,  since  the  area  thus 
obtained  marks  only  the  work  done  on  the  piston.  To  show  the 
movements  of  heat,  they  must  be  converted  by  calculation  into 
mechanical  energy  for  each  portion  of  the  stroke,  and  this  is  the 
way  in  which  the  subject  has  lately  been  treated  by  various  scien- 
tific authorities.  The  new  system  furnishes  a  direct  graphic 
representation  of  the  heat  supplied  to  a  body,  by  taking  tempera- 
ture and  entropy  as  the  characteristics  of  its  condition.  For  ordi- 
nary purposes,  it  will  be  sufficiently  clear  if  the  following  explanation 
of  the  term  "entropy"  be  accepted : — 

Let  us  suppose  that  an  infinitesimal  quantity  of  heat,  c^  Q,  is 
supplied  to  a  body  at  the  absolute  temperature,  T ;  the  increase  of 

entropy  in  this  body  is  defined  as  -^,  or  entropy  multiplied  by 
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dQ      — 

absolute  temperature  equals  number  of  calories.     Thus  -f^  m&7  ^ 

considered  as  a  weight  which,  falling  from   the  height  T,  will 

d  Q 
produce  the  energy  d  Q,  since    ^-  -f-  T  =  rf  Q.     If  the  increase  or 

dO 

successive  additions  of  -7^    be  plotted  as  abscissie,  and  the  different 

absolute  temperatures,  T,  as  ordinates,  a  curve  will  be  obtained, 
the  area  of  which  will  represent  the  sum  of  all  the  elements  d  Q— 
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Fig.  101. — Entropy  di&gram. 

that  is,  the  heat  supplied.  The  movements  of  heat  can  be  deduced 
from  the  particular  form  of  the  curve  thus  obtained.  Thus  if  the 
fluid  studied  is  the  mixture  of  gas  and  air  expanding  in  a  cylinder, 
the  curve  will  show  by  its  shape  if  the  heat  is  passing  from  the 
mixture  to  the  walls,  or  in  the  reverse  direction.  f*^ 

An  example  of  the  entropy  diagram,  as  applied  to  a  gas  engine, 
taken  from  Professor  Boulvin's  book,*  is  given  at  Fig.  101.     It  i* 

•  Coura  de  Micaniqve  Appliquie,  voL  iii.,  p.  173  {Machines  TIiermiqtMY 
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a  diagram  of  Entropy,  or  Heat,  worked  out  from  the  Society  of 
Arts'  Trials,  1888,  on  a  Orossley-Otto  engine,  and  Bhould  be  com- 
pared with  the  indicator  diagram  at  p.  89.  The  latter,  sometimes 
called  the  pv  diagram,*  is  necessary  to  get  the  I.H.P.,  and  upon  it 
and  other  data  the  entropy  diagram  is  based,  bat  the  I.H.P. 
diagram  gives  no  results  for  exchanges  of  heat  and  temperature, 
which  are  so  important  to  investigate,  and  it  is  not  a  complete 
index  of  what  takes  place  in  an  engine  cylinder.  The  area  of  an 
entropy  diagram  gives  thermal  units.  For  the  method  of  drawing 
it  see  the  paper  already  referred  to,  and  M.  fioulvin's  book,  vol.  iii, 
p.  41.  Captain  Sankey  determines  each  point  from  the  intersection 
of  the  lines  of  equal  pressure  and  equal  volume.  The  term 
"entropy"  was  first  adopted  by  Glausius  to  denote  the  integral 

d  Q 

-7p  .    The  method  of  drawing  entropy  diagrams  is  first  claimed  for 

M.  Belpaire  in  1872,  and  is  described  by  Schottler  (p.  199)  who 
lays  down  clearly  the  difference  between  the  diagrams  of  heat  and 
of  pressure,  and  by  Professor  Zeuner.  In  England  the  subject  has 
been  treated  by  Mr.  Macfarlane  Gray,  who  calls  entropy  the 
tf  p  diagram,  t  Professor  Stodola  says  that  by  means  of  a  properly 
constructed  entropy  diagram,  all  questions  having  reference  to  the 
cycle  in  gas  engines  can  be  solved  easily  and  quickly  by  the  graphic 
method,  and  with  sufficient  accuracy  for  practical  purposes.  To 
the  engineer  it  affords  the  best  way  of  handling  the  science  of 
thermodynamics.  Cterman  scientists  jhave  derived  from  it  a  new 
word,  namely,  "  heat  toning,"  which  may  be  described  as  the  excess 
of  energy  set  free  by  chemical  combination,  the  final  products  being 
cooled  to  the  same  temperature  as  the  original.  The  tones  of  heat 
may  best  be  determined  by  studying  a  cycle  of  combustion  at 
constant  volume. 

*p  V — t.e.,  pressares — ^volumes. 

t  See  Proceedings  oj  the  Institution  of  Mechanical  Engineers,  July,  1889. 

Note. — Although  this  chapter  is  headed  "Theory  of  the  Gas 
Engine,"  it  practically  applies  equally  to  engines  driven  with  oil 
vapour,  spirit,  alcohol,  or  any  other  forms  of  internal  combustion 
motors.  All  these  work  in  the  same  way  as  gas  engines,  the  only 
difference  being  the  agent  of  heat  furnishing  the  explositive  power. 
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CHAPTER   XIV. 

THE  CHEMICAL  COMPOSITION  OF  GAS  IN 
ENGINE  CYUNDERS. 

Contents.— Atoms  and  Molecules— Chemical  Symbols — Atomic  Weights— 
Molecular  Weights— Specific  Heat— Chemical  Equations — Heating  value 
of  Gas  —  Calorimeters  —  fierthelot  —  Mahler  —  Junkers  —  Higher  and 
Lower  Heating  Value  of  Gas  in  a  Calorimeter — Composition  of  Coal 
Oas— Calorific  value  of  Coal  Gas  and  of  Other  Gases— Composition  of 
Power  Gases. 

In  the  preceding  chapter  we  have  seen  that  a  gas  engine  is 
simply  one  form  of  heat  engine,  and  that  its  object  is  to  trans- 
form heat  into  work  through  the  medium  of  gas — ^the  working 
agent.  We  now  want  to  know,  further,  how  this  process  is  carried 
on  with  maximum  efficiency,  so  that  the  largest  possible  proportion 
of  the  whole  heat  we  add  to  the  agent  may  be  converted  into 
useful  work. 

We  must,  therefore,  examine  more  closely  into  the  nature, 
composition,  and  specific  properties  of  the  gas  employed. 

The  object  of  this  chapter  is  to  determine — 

1.  What  coal  gas  is ; 

2.  How  much  air  is  required  to  burn  it ; 

3.  How  much  heat  is  given  out  during  combustion,  and  carried 
away  by  the  residual  gases. 

As  the  nomenclature  adopted  by  chemists  renders  the  treat- 
ment of  the  problem  of  combustion  of  gases  very  simple,  it  will 
be  convenient  to  begin  with  a  brief  explanation  of  its  main 
principles. 

Atoms  and  Moleoules. — ^All  apparently  homogeneous  sub- 
stances are  composed  of  extremely  small  particles,  called  maiecuUs, 
which,  for  any  given  substance,  have  the  same  weight. 

These  molecules,  which  are  the  smallest  particles  of  the  sub- 
stance which  can  exist  in  the  free  state,  are,  in  general,  composed 
of  still  smaller  particles,  called  tUams.  If  all  the  atoms  in  the 
molecules  are  identical,  the  substance  is  known  as  an  eUmentt 
inasmuch  as  in  this  case,  it  is  not  possible  to  break  it  up  into 
two  or  more  distinct  bodies.  If,  on  the  other  hand,  two  or  more 
different  kinds  of  atoms  exist  in  the  molecules,  it  is  known  as  • 
compound. 

The  fundamental  law  upon  which  chemistry  at  the  present  daj 
is  based,  first  enunciated  by  Avogadro,  is — '<  Equal  volumes  of 
gases  (under  the  same  conditions  of  temperature  and  pressure) 
contain  equal  numbers  of  molecules." 
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There  is  another  way  of  stating  this,  which  is  sometimes  useful. 
Take  a  cubic  foot  of  any  gas,  say  oxygen,  at  a  fixed  temperature 
and  under  a  fixed  pressure.  It  contains  n  molecules,  where  n  is 
a  very  large  number,  only  roughly  known,  and  the  exact  value 
of  which  is  not  required  here.     The  average  epace  occupied  by  ik 

molecule  of  oxygen  then,  is  —  cubic  feet.      This    is    called   the 

"  molecular  volume "  of  oxygen.     Now,  since  the  same  volume  of 
any  other  gas,  say  hydrogen,  by  the  law   first   enunciated,  also 

contains  n  molecules,  its  molecular  volume  is  also  —  cubic  feet. 

ft 

Hence,  another  way  of  stating  Avogadro's  law   is — "  All  gases 

have  the  same  molecular  volume.'' 

To  resume  then — 

1.  All  atoms  of  the  same  element  have  the  same  weight. 

2.  All  molecules  of  the  same  compound  have  the  same  weight 
and  the  same  volume. 

Chemioal  SymbolB. — As  an  abbreviation  for  one  atom  of  an 
element,  the  first  letter  or  first  two  letters  of  the  word  is  used  ; 
thoa,  C  stands  for  an  atom  of  carbon,  H  for  an  atom  of  hydrogen, 
O  for  an  atom  of  oxygen,  N  for  nitrogen,  S  for  sulphur,  and  so  on. 
Two  letters  placed  together  represent  a  molecule  of  a  compound ; 
thus,  CO  denotes  one  molecule  of  the  compound  carbonic  oxide, 
formed  by  the  combination  of  one  atom  of  carbon  C,  and  one 
atom  of  oxygen  O.  Similarly  CO,  denotes  a  molecule  of  the 
compound  carbonic  acid,  containing  three  atoms,  one  of  carbon 
and  two  of  oxygen.     200,  denotes  ttvo  molecules  of  carbonic  acid. 

Atomic  Weights. — Now,  the  actual  weights  of  the  atoms  are 
excessively  minute,  and  are  only  known  very  roughly  indeed. 
Bat  the  relative  magnitude  of  the  weights  of  the  atoms  of  the 
various  elements  can  be,  and  has  been,  determined  with  very  con- 
siderable accuracy.  It  is  customary  to  take  the  weight  of  the 
lightest  known  atom,  hydrogen,  as  unity ;  and  the  values  for 
*'  atomic  weight"  found  in  works  on  chemistry,  represent  the 
weights  of  the  atoms  of  the  various  elements  as  multiples  of 
this. 

All  the  gaseous  elemerUe  dealt  with  here  contain  two  atoms  in 
each  molecule.  Thus,  H,,  N,,  O,  are  the  molecular  formule  for  the 
elementary  gases — hydrogen,  nitrogen,  oxygen  respectively.  From 
this,  and  with  Avogadro's  law,  it  is  easy  to  find  the  atomic  weights 
of  nitrogen  and  oxygen.  It  is  found  that  1  cubic  foot  of  hydrogen 
weighs  -005591  lb.  under  standard  conditions  of  pressure  and 
temperature,  1  cubic  foot  of  oxygen  weighs  *089456  lb.  and  of 
nitrogen,  under  the  same  conditions,  *07828  lb.  These  numbers 
are  in  the  ratio  of  1  :  16  :  14.  Hence,  if  nH.^^  ^  ^^^^  o^  weight, 
by  Avogadro's  law  the  same  number  nO^^  16  units  of  weight,  and 
nNj^H  units  of  weight — t.^.,  the  atomic  weights  of  hydrogen,. 
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oxygen,  and  nitrogen  are  as  1  :  16  :  14.     The  only  atomic  weights 
required  in  this  chapter  for  gas  engines  are : — 

Tamlm  09  Awuoo  Wnoms. 


XlMIIMt. 

Hydform. 

OMjgm. 

NitroiMi. 

Oubon. 

Solpliv. 

Symbol, 

Weight  of  atom 
(inronndnumbera) 

H 
1 

0 
18 

N 

14 

0 
12 

S 
32 

Molecular  TTin^Afo.— The  "molecular  weight "—«.e.,  the  total 
weight  of  each  molecule,  when  the  hydrogen  aiom  is  the  unit  of 
weight — is  obtained  by  simply  adding  together  the  weights  of  its 
constituent  atoms.  Thus  the  molecular  weight  of  hydrogen,  H^ 
is  2 ;  of  oxygen,  O,,  is  32 ;  of  carbonic  oxide,  00, 12  +  16  =  28  ;  of 
marsh  gas,  CH^,  12  +  (1  x  4)  =  16.  Hence  the  weight  of  1 
cubic  foot  of  hydrogen  being  00559  lb.,  that  of   a  cubic    foot 

of  carbonic  oxide  is  ( ^ —   J  ■=  14  x   *00559;  of  marsh  gas, 

4  +  12 

s ■=  ®  ^  "00559 ;  and  so  on  for  any  other  gas.     The  weight 

of  a  cubic  foot  of  any  gas  is  thus  determined  directly  its  formula  is 
known. 

Speoiflo  Heat. — If  a  quantity  of  heat  is  added  to  a  gas  it  may 
result  in  an  increase  of  pressure,  temperature,  or  volume,  or  in  an 
increase  of  all  three.  Thus,  there  may  be  several  "  specific  heats." 
The  only  two  generally  used  are  : — 

(1)  The  specific  heat  at  constant  volume,  which  is  defined  as  the 
number  of  units  of  heat  required  to  raise  the  temperature  of  the 
unit  weight  of  gas  through  1*,  the  volume  of  the  gas  remaining 
constant;  and 

(2)  The  specific  heat  at  constant  pressure,  where  the  gas  is 
allowed  to  do  work  by  expanding. 

Of  these  the  former,  which  is  obviously  the  smaller  number,  is 
sometimes  termed  the  "  true  specific  heat,"  all  the  heat  going  in 
this  case  to  increase  the  internal  energy  of  the  gas. 

For  the  elementaiy  gases,  hydrogen,  oxygen,  and  nitrogen,  and 
also  for  carbonic  oxide,  it  is  found  that  the  amount  of  heat  re- 
quired to  raise  equal  volumes  through  1*"  is  very  nearly  the  same ; 
or,  in  other  words,  that  the  specific  heat  x  molecular  weight— 
constant.  It  is  also  found  that  the  specific  heats  are  nearly 
independent  of  the  temperature,  tending  only  to  increase  very 
slightly  with  it.  For  the  more  complicated  molecules,  such  as 
marsh  gas,  CH^,  ethylene,  CjH^,  dxs.,  which  occur  in  coal  gas, 
neither  of  these  relations  hold,  the  amount  of  heat  required  to  raise, 
«ay,  1  cubic  foot  of  ethylene  through  1*  F.,  is  sensibly  different  from 
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that  reqoired  to  raise  the  same  volume  of  air  through  1*^F.,  and, 
further,  the  specific  heat  increases  more  rapidly  with  the  temperature. 

The  table  of  specific  heats  will  be  found  on  p.  226. 

Chemioal  EqnationB. — Chemical  equations  are  symbolic  repre- 
sentations  of  chemical  changes.  It  will  be  oonrenient  to  take  one 
equation  as  a  type,  and  explain  it  in  detail.  The  following  is  a 
useful  example : — 

CH4        +  20,  =  COj  +  2Rfi 

(12  +  4)     +  2  (32)         =        (12  +  32)       +       2  (2  +  16) 

MethuA.  Oxygen.  Carbonic  Acid.  8t«am. 

This  is  interpreted  at  follows : — Since  1  tnolecule  of  methane 
oombines  with  2  tnoUcules  of  oxygen,  it  follows,  by  Avogadro's  law, 
that  1  volmne  of  methane  combines  with  2  vciumes  of  oxygen, 
giving  1  volume  of  carbonic  acid  and  2  volwne$  of  steam.  This  same 
equation  also  expresses  the  fact  that  16  lbs.  of  methane  require  64 
lbs.  of  oxygen  for  complete  combustion,  and  give  as  the  resulting 
products  44  lbs.  of  carbonic  acid  and  36  lbs.  of  steam.  Bj  the  term 
"  complete  combustion "  is  meant  that  the  hydrocarbon  combines 
with  the  maximum  possible  amount  of  oxygen,  giving  carbonic 
acid  and  water  only  as  the  final  products. 

When  the  quantity  of  oxygen  required  for  the  combustion  of  each 
constituent  is  known,  the  next  step  is  to  determine  the  heat 
evolved  by  combustion.  As  this  heat  cannot  be  measured  in  the 
cylinder  of  an  engine,  the  calorimetric  value  of  the  gas  is  obtained 
by  burning  it  in  oxygen.  For  this  purpose  an  instrument  is 
employed,  called  a  calorimeter.  MM.  Favre  and  Silbermann  were 
the  first  to  design  an  apparatus  for  testing  the  heating  values  of 
solid,  liquid,  and  gaseous  fuels,  and  other  calorimeters  capable  of 
greater  precision  have  since  been  brought  out. 

Heating  Value  of  Ghui. — The  amounts  of  heat  developed  by  the 
complete  combustion  of  the  various  carbon  compounds  contained 
in  coal  gas,  have  been  experimentally  determined  in  two  ways. 
Firstly,  by  burning  a  current  of  the  gas  in  question  in  oxygen  or 
air  at  the  ordinary  atmospheric  pressure,  and,  secondly,  by  explod- 
ing a  mixture  of  the  two  gases  in  a  strong  steel  '*  bomb." 

The  advantages  of  the  second  method,  which  was  first  used  by 
Andrews,  and  has  been  recently  employed  in  an  improved  form  by 
M.  Berth elot  and  M.  Mahler,  are  that  the  combustion  takes  place 
at  constant  volume,  and  that,  on  account  of  the  much  shorter  time 
occttpied  by  the  reaction,  the  *' corrections  for  cooling"  of  the 
calorimeter  are  very  much  reduced. 

The  Berthelot-Mahler  bomb  calorimeter  is  now  largely  used  for 
flolidy  and  often  for  liquid  fuels,  and  gives  excellent  results, 
particularly  when  the  bomb  is  gilt  inside,  instead  of  having  an 
enamel  lining.  It  is  not,  however,  suitable  for  gaseous  fuels,  for 
whi<di  the  Junkers  calorimeter  has  been  specially  designed,  and  !■ 
now  chiefly  employed,  both  in  England  and  abroad. 
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Junkers  Calorimeter. — This  interesting  and  important  instru- 
menty  designed  and  made  by  Junkers  of  Dessau,  is  almost  exclu- 
sively used  for  measuring  the  heating  value  of  gases.  Tip  to  the 
present  it  is  the  best  calorimeter  produced  for  this  purpose ;  it 
works  well  and  is  very  simple  to  manipulate.  It  is  based  on  the 
principle  of  the  rise  in  temperature  of  a  current  of  water  passing 
round  a  jet  of  burning  gas,  the  heating  value  of  which  it  is  desired 
to  ascertain.  The  apparatus  is  shown  in  vertical  and  horizontal 
section  in  Figs.  102  and  103,  and  an  external  general  view  of  the 
whole  at  Fig.  104. 

It  consists  of  a  vertical  cylindrical  vessel  of  4*7  square  feet 
heating  surface,  with  a  gas  burner  alight  in  the  centre,  connected 
to  a  small  but  very  accurate  gas  meter  g  (Fig.  104).  A  Bunsen 
burner  is  used  for  town  gas,  or  for  other  gases  of  high  heating 
value,  an  ordinary  metal  tube  for  poorer  gases,  or  those  having  a 
lower  heating  value.  The  size  of  the  flame  is  regulated  in  inverse 
proportion  to  tbe  quality  of  the  gas.  The  central  nozzle  a  (Fig.  104) 
is  connected  to  any  water  supply ;  6  is  an  overflow  pipe,  the  dis- 
charge from  which  should  be  visible,  but  need  not  be  measured,  as 
this  water  does  not  form  part  of  the  quantity  heated.  The  cold 
water  from  a  enters  the  Perimeter  at  the  bottom,  through  the 
regulating  cock  0,  and  passes  out  after  being  heated  at  the  top  at  c. 
The  temperatures  of  this  water,  in  and  out,  are  taken  by  very 
accurate  thermometers,  seen  in  Fig.  104.  A  third  delicate  thermo- 
meter gives  the  temperature  of  the  products  of  combustion  from 
the  gas  jet,  and  a  fourth  that  of  the  gas  in  the  meter  g.  The 
water  produced  by  combustion  (pipe  35,  Fig.  103)  runs  into  the 
small  glass  vessel  d  (Fig.  104).  This  water  of  condensation  plays  an 
important  part  in  determining  the  *'  higher  "  or  *'  lower  "  heating 
value  of  the  gas,  and  it  is  therefore  necessary  to  measure  it  care- 
fully. It  is  produced  by  the  combination  of  the  hydrogen  in  the 
burning  jet,  with  the  oxygen  of  the  air,  to  form  steam.  In  the 
calorimeter  the  latter  is  condensed,  and  gives  up  its  latent  heat. 
At  /  is  a  cock  which  should  be  turned  on  for  a  few  seconds  before 
beginning  a  test,  to  allow  water  and  air  to  come  out,  so  that  no  air 
may  remain  in  the  pipes.  To  diminish  radiation  t^e  calorimeter 
is  surrounded  by  a  jacket  of  air. 

To  make  a  oalorimetric  determination  of  a  gas,  water  is  first  mn 
from  a  into  the  outer  cylinder  of  the  instrument,  outside  the 
vertical  smoke  tubes,  until  it  escapes  at  the  top  at  c.  Tbe  gas  is 
then  turned  on  and  lighted  at  the  burner,  and  the  jet  introduced 
into  the  calorimeter,  as  seen  at  Fig.  102.  The  size  of  the  flame,  or 
the  quantity  of  gas  passing  to  it,  is  carefully  adjusted  by  the  cook 
22  (Fig.  102)  in  accordance  with  the  capacity  of  the  calorimeter  for 
absorbing  heat,  and  kind  of  gas  burnt.  Air  to  feed  the  gas  jet 
enters  at  the  bottom  of  the  vessel,  as  shown  by  the  arrows  (Fig. 
102).  The  products  of  combustion  ascend,  and  then  pass  downwards 
through  48  copper  tubes,  each  -g^  inch  internal  diameter  and  11^ 
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inches  long  (No.  30,  Fig.  103)  and  go  to  waste  at  30  (Fig.  102). 
The  circalating  water  travels  vertically  upwards,  the  hot  gases 
descending  in  the  contrary  direction.  The  quantity  of  cold  water 
is  regulated   by  cock  «,  and   the  heated  water  measured  in  the 


Fig.  103. — Junkers 

Calorimeter. 
Horizontal  Section. 


Fig.  104. — Junkers  Gas  Galori  meter  ^  with  Gas  Meter,  &e. 

cylindrical  graduated  glass  vessel  ahown  to  the  right  in  Fig.  104. 
By  varying  the  quantity  of  water  passing  to  e,  before  beginniDg  an 
experiment,  the  difference  in  temperature  is  ftpproximately  deter- 
mined between  the  water  at  the  outlet  and  inlet  (in  ordinary  cases 
a  difference  of  10*  to  20"*  0.  is  preferable).    This  coiiBtitutes  the  main 
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principle  of  the  instmment,  whioh  consists  in  regulating  the  position 
of  the  cock  e  in  such  a  waj  that  the  quantity  of  circulating  water 
admitted  should  absorb  all  the  heat  given  out  by  the  burning  gas, 
so  that  the  products  of  combustion  are  discharged  practically  at 
atmospheric  temperature.  The  heating  surface  is  sufficient  for  this 
purpose,  if  all  is  properly  adjusted,  and  the  cocks  for  water  and  gHS 
carefully  manipulated.     For  oils  a  special  burner  is  used. 

The  lbs.  of  water  per  minute,  its  rise  in  temperature  while 
passing  through  the  calorimeter,  and  the  cubic  feet  of  gas  burnt 
per  minute  being  known,  the  heating  value  of  the  gas  in  T.U.  per 
cubic  foot  is  calculated  by  the  following  formula  : — 

in  which  H  is  the  heating  value,  W  the  lbs.  of  circulating  water  as 
measured,  T  the  rise  in  temperature  of  the  circulating  water  in 
degrees  F.,  and  G  the  cubic  feet  of  gas  at  the  temperature  and 
pressure  of  the  room.  In  other  words,  the  heating  value  of  the 
gas  (in  T.U.  per  lb.)  multiplied  by  the  cubic  feet  of  gas  burnt, 
is  equal  to  the  weight  of  circulating  water  multiplied  by  its  rise 
in  temperature. 

Numerioal  Example.— 

Let  W  =    6 '66    lbs.  per  minute, 
T   =  32-5      degrees  F., 
G   =    0*353  cubic  feet ;      then 

„  ,  ,      6-66  lbs.  X  32*F.      ^,«  -,  --  , .    ._. 

°  <*>  =     0-353  ^ub:  ft.      =  *^2  ^•^-  ^'  "^^*"  ^~*- 

Higher  and  Iiower  Heating  Value. — A  difference  of  opinion 
prevails  in  France  and  Germany  upon  the  definition  of  the  word 
''  heating  value  of  a  gas,"  and  whether  in  a  calorimeter  the  latent 
heat  of  the  water  formed  by  combustion  should  be  taken  in  calcu« 
lating  the  heat  given  to  a  gas  engine.  The  heating  value  of  a  gas 
is  generally  determined  in  a  Junkers  calorimeter,  in  which  com- 
bustion and  cooling  of  the  products  are  carried  out  at  atmospheric 
pressure.  The  initial  temperature  of  the  charge  and  the  final 
temperature  of  the  gases  of  combustion  are  usually  calculated  at 
18°  C,  equal  to  64*  F.  All  the  water  produced  by  combustion  in 
the  calorimeter  is  condensed,  except  the  small  portion  absorbed  by 
the  burnt  products,  which,  if  any  excess  of  water  is  present,  are 
thoroughly  saturated  when  discharged.  If  the  gas  and  air  forming 
the  charge  are  dry  when  admitted,  all  the  moisture  required  to 
saturate  the  products  must  come  from  the  water  produced  by  com- 
bustion, and  about  1  per  cent,  of  the  total  heat  of  the  cycle  will  be 
withdrawn  for  this  purpose.  But  if  the  gas  and  air  are  not  dry,  the 
moisture  they  contain  will  be  sufficient  to  saturate  the  products. 
In  this,  the  usual  case  in  practice,  the  water  produced  by  combustion 
is  condensed,  and  sometimes  even  part  of  the  moisture  in  the  gas 
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and  air  entering  the  calorimeter,  bo  that  the  exhaust  products  are 
drier  than  the  initial  charga 

The  heat  giyen  to  the  caJorimeter  during  complete  combustion  at 
atmospheric  pressure  and  64*  F.,  all  the  water  produced  hj  com- 
bustion and  the  steam  formed  being  condensed,  is  known  as  tlie 
**  higher  heating  value."  The  "  lower  heating  value  "  signifies  the 
same  quantity  of  heat  generated  under  the  same  conditions,  but  the 
water  produced  by  combustion  in  the  calorimeter  is  assumed  to  be 
present  as  superheated  steam — that  is,  as  a  gas,  and  not  condensed^ 
and  the  heat  is  latent.  To  gasify  this  water  600  calories  per  kilo- 
gramme, or  1080  B.T.XJ.  per  lb.,  are  required,  and  therefore  the 
<*  lower  heating  value  **  is  obtained  by  deducting  this  quantity  of 
heat  from  the  "  higher  heatinff  value  "  for  every  lb.  of  water  pro- 
duced by  the  combustion  of  1  u>.  of  gas. 

In  Qermany,  England,  America,  and  other  countries,  the  lower 
heating  value  is  always  used  in  calculating  the  heat  efficiency  of  a^ 
gas  engine,  because  it  is  assumed  that  all  the  water  vapour  gene- 
rated during  combustion  is  converted  into  steam  when  leaving  the 
engine.     Therefore  its  corresponding  heat  of  condensation  will  be 
latent  and  not  sensible,  and  cannot  be  reckoned  as  heat  given  to  the 
cycle.     In  France  the  higher  heating  value  is  taken  as  the  basis  of 
calculation,  especially  by  Professor  Wits,  who  maintains  that  it  i& 
a  defect  in  gas  engines  that  this  latent  heat  of  condensation  of  the 
water  vapour  cannot  be  utilised  to  produce  work,  as  in  a  steam 
engine.     As  the   lower   heating  value  of  lighting  gas   is  some- 
times  10  per  cent,  less   than  the   higher,  if  this   latent  heat — 
namely,  that  absorbed  to  gasify  the  water — is  left  out  of  acoount^ 
the  efficiency  of  the  gas  engine  will  be  increased  by  about  10  per 
cent. 

In  all  experiments  in  which  the  heat  efficiency  of  an  engine  is 
calculated,  it  should  always  be  stated  which  of  these  two  values  has 
been  taken.  Thus  the  heating  value  of  the  oil  used  in  the  trial  of 
the  new  Diesel  motor  at  Augsburgh  was  10,935  calories  per  kilo., 
equal  to  19,683  B.T.U.  per  lb.,  including  the  latent  heat  set  free 
in  the  calorimeter  by  condensation,  and  18,271  B.T.U.  per  lb., 
excluding  the  latent  heat.  In  this  case  3*7  grammes  of  water 
were  found  per  kilo,  of  oil  burnt ;  difference  between  the  two  heat- 
ing values,  7*8  per  cent.  In  the  Cambridge  oil  engine  trials  the 
heating  value  of  the  oil,  not  deducting  the  latent  heat  of  the  ixrater 
condensed,  was  19,899  B.T.U.  per  lb.  Corrected  for  the  latent  heat 
absorbed  to  convert  this  water  into  steam,  the  value  was  18,563 
B.T.U.  per  lb. ;  difference  7*4  per  cent.  The  latter  was  the  value 
taken  during  the  trials.  In  the  tests  on  Dowson  gas  at  the  B41e 
Water  Works  by  Professor  Meyer,  the  calorific  value  of  the  gas 
used  was  1202  calories  per  cubic  metre,  equal  to  134-62  B.T.U.  per 
cubic  foot,  the  water  vapour  being  taken  as  wholly  converted  into 
steam  in  the  cylinder,  and  144  B.T.U.  per  cubic  foot,  not  deductuig 
the  latent  heat  of  the  steam ;  difference  5*2  per  cent.     The  heat 


HIOHSR  AND  LOW£R   HIATIMO  YALUK  OF  OAaSS. 


245 


efficiency  in  the  French  experiments  is  always  lowe^  than  that  cal- 
culated in  other  countries. 

The  following  table  (from  Geiters  D<u  Wa$9erga$  und  Seine 
Vertoendung  in  der  Teehnik)  shows  the  heat  of  combustion  of 
different  gases  under  these  two  conditions : — 

Tabus  op  Heating  Valctx  of  Ga8B& 


Gas. 

Per  Cable  MetK. 

Per  Cubic  Foot 

Per  Lb. 

Uqiiefled 
Water. 

Oaaeoos 
Vapour. 

LIqaefled 
Water. 

Oaaeoiu 
Vapour. 

Water. 

Oaaeona 
Vapour. 

^SSr" 

Oaaeoua 
Vapour. 

Ill 

Cftloriea. 
6810 
1048 
3064 

Calories. 
5154 
1048 
2813 

B.T.U. 

660 
117 
332 

mT.u. 
677 
117 
316 

Caloriei. 

11,360 

838 

4,658 

Calorlea. 

10,070 

838 

4,199 

B.T.U. 

20,430 
1,608 
8,204 

B.T.U. 

18,126 
1,508 
7,668 

Professor  Witz  considers  the  higher  as  the  only  real  heating 
value  of  the  gas,  and  that  German  scientific  experts  make  an  error 
in  calculating  from  the  lower  heating  value.  The  available  heat  of 
a  unit  weight  of  petroleum  (or  of  a  cubic  foot  of  any  gas)  must,  he 
says,  include  that  of  the  condensed  water  vapour — i.e.,  this  latent 
heat  must  be  credited  to  the  cycle,  because  if  the  temperature  of 
the  gases  could  be  sufficiently  reduced  by  expansion,  this  heat  would 
be  available  for  work.  He  assumes  that  all  the  steam  or  water 
formed  by  combustion  in  a  calorimeter  is  condensed  in  the  apparatus, 
and  therefore  its  latent  heat  should  be  included  in  the  heat  value  of 
the  gas  or  oil  tested,  and  not  deducted  according  to  the  German 
method. 

Against  this  view  Professor  Meyer  protests.  It  is  true,  he  says, 
that  during  the  process  of  combustion  in  a  calorimeter,  the  heat  in 
the  water  of  condensation  is  present,  nevertheless  it  should  not 
be  credited  to  the  cycle.  The  exhaust  gases  escape  from  a  gas- 
engine  cylinder  at  a  temperature  of  at  least  300"*  0.,  and  their  heat 
cannot  under  present  conditions  be  utilised.  If  under  the  name 
**  quantity  of  heat  given  to  the  cycle,"  we  understand,  as  in  a  steam 
engine,  all  the  heat  available  for  work  above  the  temperature  of  the 
atmosphere,  without  taking  into  account  how  much  or  how  little  it 
can  do,  and  whether  it  can  be  completely  utilised  technically  or  not, 
the  higher  heating  value  should  be  taken.  All  this  heat  cannot, 
however,  be  converted  into  work  on  the  piston.  There  may  be  a 
difference  of  16  per  cent,  between  the  higher  and  the  lower  heating 
value,  according  to  the  gas  used,  but  one  gas  does  not  give  16  per 
cent,  more  indicated  work  than  another.  The  theoretical  heat 
efficiency  of  any  engine  can  never  be  equal  to  unity,  because  all 
the  heat  in  the  worlnng  agent  below  the  normal  temperature  down 
to  absolute  zero  cannot  be  utilised.  Further,  the  exhaust  gases  in 
an  engine  cylinder  are  largely  mixed  with  inert  gases,  and  therefore 
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the  water  will  be  oondensed  at  a  temperature  much  below  100*  C. 
It  ia  desirable,  says  Professor  Meyer,  to  take  the  lower  beating 
value  as  heat  added  to  the  cycle,  in  calculating  the  thermal 
efficiency,  and  determining  the  temperature  of  combustion.  It  en> 
ables  us  to  judge  correctly  of  the  efficiency  of  different  engines  fed 
with  gasea  yielding  more  or  less  water  when  tested  in  a  calorimeter. 
In  other  words,  if  the  higher  heating  value  be  taken  as  the  basis  of 
the  thermal  efficiency,  the  engine  is  tested  not  only  by  its  capacity 
for  converting  the  heat  supplied  to  it  into  work,  but  also  by  the 
amount  of  water  the  gas  with  which  it  is  fed  contains,  since  the 
more  water  in  the  gas,  the  more  latent  heat  will  be  liberated  by  ita 
oondensation. 

Professors  Kennedy  and  Burstall  follow  the  German  method,  and 
subtract  the  latent  beat  of  the  H^O.  No  internal  combustion  motor 
can,  in  Professor  Burstall's  opinion,  be  imagined  which  rejects  heat 
at  a  temperature  below  212^  F.  Otherwise  a  condenser  must  be 
used,  and  hitherto  such  a  method  of  returning  heat  to  a  gas  or  oil 
engine  has  not  been  found  practicable.  If  owing  to  its  mixture 
with  neutral  gases  steam  is  actually  discharged  from  the  cylinder  at 
a  lower  temperature,  it  cannot  be  supposed  to  do  work.  For  gas 
engine  practice  Professor  Burstall  thinks  it  "  better  to  use  a  value 
that  is  in  accordance  with  the  actual  conditions  of  the  engine,* 
although,  of  course,  it  is  theoretically  possible  to  cool  down  the 
products  to,  say,  16*  0.  -  60*  F.  All  the  leading  authorities  in 
England  and  America  endorse  these  views. 

The  author  is  also  of  opinion  that  it  is  the  lower  and  not  the 
higher  heating  value  which  ought  to  be  taken  as  a  basis  for 
calculating  the  heat  efficiency.  In  the  abstract,  and  on  purely 
theoretical  grounds,  Professor  Witz  is  right  in  maintaining  the 
desirability  of  the  higher  heating  value.  If  gas  engines  conformed 
to  this  ideal  type,  and  it  were  possible  to  expand  the  gases  in  them 
to  atmospheric  pressure,  and  utilise  completely  the  heat  they 
contain,  this  heating  value  would  correctly  represent  the  quantity 
of  heat  given  to  the  cycle.  But  at  present  such  a  heat  efficiency  is 
impossible  to  realise.  The  temperature  at  which  the  exhaust  gases 
leave  the  cylinder  is  far  too  high  to  allow  of  any  oondensation  of 
the  escaping  steam,  and  therefore  the  latent  heat  it  contains  can 
never  become  sensible,  and  be  available  for  work.  A  gas  calorimeter 
measures  the  heat  in  any  gas  or  oil  burnt  in  it,  and  we  have  to 
compare  the  heat  thus  set  free  with  that  of  the  same  gas  or  oil  when, 
utilised  in  the  cylinder  of  an  engine  for  power.  No  water  is  or  can 
be  condensed,  and,  therefore,  its  latent  heat  should  be  excluded  from 
the  calorimetric  value^  This  was  the  opinion  of  the  Cambridge 
experts,  who  during  the  oil  engine  trials  in  1894  took  the  heating 
value  of  the  oil  with  the  water  ancondensed. 

With  the  help  of  a  calorimeter,  the  heat  of  combustion  of  coal 
and  other  fuels,  solid  and  liquid,  and  of  most  kinds  of  com- 
bustibles, has  been  determined.      The  following  table  gives  the 
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valaes,  by  different  authorities,  of  the  beat  produced  by  the  com- 
bustion of  the  chemical  constituents  of  coal  gas,  and  also  of  solid 
carbon: — 

Hbat  PBODroiD  BT  THS  COMBUSTION  OF  H,  C,  CO,  &c.  (from  Ostwakl's 
VerwandUeh€iftS'Lehre,  1887). 


I 

Units  of  Heat  evoWed  by  Coaspiete  Goabostlon 
of  1  gramme  at  VT  C,  and  Aim.  Pressure. 

Unit  Weight  or  Gramme  of  the  follow, 
ing  Oases  and  Carbon. 

FsTreand 
Silbermann. 

Thomson. 

Berthelot 

Calories. 

Calories.       j      Catoriss. 

Hydrogen,  H.,    .... 

Carbon,  C, 

Carbonic  oxide,  CO,    . 
Marsh  Gas,  CH4, 

Bthylene,  CtEi 

Benzene,  CsHs 

34,460 

8,080 

2,403 

13,062 

11.867 

0,915 

34,180 
8,080 
2,429 
13,244 
11.907 
10,249 

84,600 

8,138 

2,439 

13,344 

12,193 

9.949 

That  is  to  say,  1  gramme  of  carbon  completely  burnt  gives  out 
sufficient  heat  to  raise  V  C,  the  temperature  of  8080  grammes 
of  water  from  and  at  17*  C,  or  1  gramme  water  8080*  C.  according 
to  Favre  and  Silbermann's  reckoning.  MM.  Berthelot  and  Mahler 
claim  to  have  obtained  more  accurate  results  with  their  calonmeters, 
owing  to  the  more  rapid  and  complete  method  of  combustion ; 
their  values  are  slightly  higher.  The  following  table  shows  the 
number  of  British  Uiermal  units  given  out  by  the  complete  com- 
bustion of  1  cubic  foot  of  each  of  the  gases  usually  present  in  coal 
gas:— 

Tabu  ov  B.T.n.  aisuLTma  fbom  thx  oompletb  Gombubtiok  of 
1  ovBio  foot  ov  DmsasNT  Gasks. 


KaaeofOaft. 

Calortflo  l^nes  per  Cnblo  Vbot 

(measined  at  sr  F.  and  80  ins.  mes- 

suie  of  Meroury)  In  B.T.l/r 

(British  Thermal  Units). 

Hydrogen,   . 
Carbonic  oxide,    . 
Methane,      .        . 
Ethylene,     .        . 
Propylene,   . 
Batylene,     . 
Benzene, 

293*6 
342-3 

1,066 

1,678 

2,479 

8,275 

4,088 

(To  be  quite  accurate,  these  values  must  be  multiplied  by  a  factor 
obtained  from  the  temperature  and  barometer  height  at  the  time  of 
experiment.) 
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The  onit  of  heat  used  here  is  the  amount  of  heat  required  to  raioe 
1  lb.  of  water,  at  64*  to  68*  F.,  V  F.  The  difierenoe  between  the 
specific  heats  of  water  at  0*  0.  and  water  at  19*  is  only  about  1  in 
1000.  The  products  are  supposed  to  be  cooled  down  to  about  19* 
0.  As  the  figure  given  for  hydrogen  includes  the  latent  heat  of 
steam,  it  may  be  replaced  by  the  figure  52,500,*  in  which  this  latent 
heat  remains  in  the  steam  gas. 

Oom.position  of  Coal  Qas. — As  regards  the  actual  composition 
of  coal  gas,  the  following  table,  taken  from  Schottler,  shows  an 
average  composition  of  1  cubic  toot  of  ordinary  Hanover  lighting 
gas,  distilled  from  coal  in  retorts,  without  admixture  of  air : — 


Tabu  sbowiiw  AvBaAos  Coxfositiov  ov  1  ouko 
Coal  Qam  {ScMifUler). 


woox  09  Havova 


▼olVBM. 

NiBtofQM 

OabiePMi 

iMB 

BMuene. 

CA 

•0087 

ButylAne. 

CA 

-0211 
•5755 

BUiylens. 
Methuie. 

CH4 

•4027 

Hydrogen. 

s 

•1119 

Carbomo  oxide. 

•0061 

00, 

•0101 

Nitrogtti. 

N. 

1-0000 

The  first  three  gases  are  called  **  heavy  hydrocarbons,"  and  as  they 
are  all  frequently  absorbed  together  by  the  same  reagent  (fuming 
sulphuric  acid),  they  are  generally  included  together  under  one 
head. 


Benzene,  CsH«,  bums  with  excess  of  oxygen  as  follows : — 

MoleculAr  weight,  78 ;  weight  of  1  cubic  foot =39  x  -005591  =  •SlSl  lb. 

tCeHe  +      7iO,      =     6C0,    +     3H,0 
(1  vol.)  +  (7J  vols.)  =  (6  vols.)  +  (3  vols.) 

ButyUne,  C4Ha  (Synonym— Tetrylene), 

C4H«    +      CO,     =    4C0,     +    4H,0 
(1  voL)  +  (6  vols.)  =  (4  vols.)  +  (4  vols.) 

Molecular  weight,  56 ;  weight  of  a  cubic  foot,  28  x  -005591  =  -1566  lb. 

*  52,500  B.T.U.  in  1  lb.  H.,  .-.  52,500  x  0*00559  (weight  1  cubic  foot  Hper 
lb.)  s  203-5. 

t  To  be  strictly  accurate,  the  equation  should  be  doubled,  but  the  volume 
relations  are  more  clearly  shown  as  they  are.  Of  course,  half  a  molecule  is  a 
physical  impossibility. 
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Mk^flene^  CJB,4  (Synonym^Olefiant  gas,  ethene). 

CsH4  +      30t      s     2C0t    +    2HsO 
(1  vol)  +  (3  vola.)  =  (2  vola.)  +  (2  vok.) 
Molecular  weight,  28 ;  weight  of  a  cubio  foot,  14  x  -005G91  =  '0783  lb. 

MethaiUf  CH4  (Synonyins— Marsh  gas,  finDdamp). 

CH4    +       20,      =     CO,     +    2HjO 
(1  vol.)  +  (2  vob.)  =  (I  vol.)  +  (2  vols.) 

Moleealar  weight,  16 ;  weight  of  a  cubic  foot,  8  x  -005601  =  *044728  lb. 

ffydrogem,  H,. 

♦BL     +     J0«     =     CO, 
(1vol.)  +  (ivoL)  =  (1  voL) 
Molecular  weight,  2 ;  weight  of  a  cubic  foot,  *005591  lb. 

C€urh(mic  OxidCy  CO  (Synonym — Carbon  monoxide). 
♦CO     +     JO,     =     CO, 

(1vol.)  +  (ivol.)  =  (1  vol.) 

Molecuhir  weight,  28 ;  weight  of  a  cubic  foot,  14  x  *006691  =  "0783  lb. 

Carifonie  Acid,  CO,  (Synonym— Carbonic  anhydride,  carbon  dioxide). 

Molecular  weight,  44 ;  weight  of  a  cubic  foot,  22  x  '005591  »  '123  lb. 

NUroqeny  N,,  does  not  play  any  active  part  in  the  combustion,  but  remains 
unchanged  throughout  the  whole  set  of  operations.     It  acts  as  a  mere 
diluent. 
Molecular  weight,  28 ;  weight  of  a  cubic  foot,  14  x  -005591  =  *07831b. 

Since  the  whole  of  the  oxygen  represented  in  the  above  equations 
has  to  come  from  the  air,  and  since  there  are  in  the  air  79  volumes 
of  nitrogen  to  21  of  oxygen,  it  follows  that  one  volume  of  oxygen 
must  be  replaced  by  about  4*762  of  air. 

Tlie  preceding  data  may  be  conveniently  tabulated  as  follows  : — 

Table  SHOwnra  Pboduoxs  ov  Combustion  ov  the  Yarzovs 
CojigfiTUims  ov  Coal  Qas. 


Density  in  Ibi. 

VolmBMOiTw 

Volonee 
PradoMd. 

H«a 

nmdi. 

MroabftfttO* 
g  Mid  760  mm. 

for  Complete 

Vohimee 
of  Air. 

XwtSXmBBnf     •      •       • 

CA 

•2181 

71 

36^71 

6 

BntylaM^.    -    . 

0«H, 

•1566 

6 

28-67 

4 

SSS:::: 

^s 

•0783 
•0447 

3 
2 

14-28 
9*62 

2 

1 

Vydiogen,.    .    . 

^ 

-oosso 

1 

238 

0 

OvboDio  oxida,  . 

•0783 

1 

2-38 

1 

CSurbonio  Mid,    . 

CO, 

•1230 

••• 

*•• 

••. 

Nitrogen,  .    .    . 

N, 

•0783 

... 

.•• 

••« 

*  To  he  strictly  accurate,  these  equations  should  be  doubled,  but  the  volume 
relations  are  more  clearly  liiown  as  they  are.  Of  course,  half  a  molecule  is  a 
physical  impossibility. 
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The  composition  of  lighting  gas  is  not  constant.  It  depends 
npon  the  quality  of  the  coal,  the  temperature  of  the  retort,  and 
the  period  of  distillation.  The  following  table,  from  experiments 
hy  Dr.  Wright,*  shows  the  influence  of  the  time  that  has  elapsed 
after  charging  the  retorts. 

Goal  Oia. 


Tlmeaftw 

Bi«U  or  DitllUatlon. 

10  mintttea. 

thoantsmln. 

•  honnUmiB. 

Hydrogen,     .    . 

Hi 

*2010perot. 

•6268  per  et 

•6712  per  ot 

Marah  gas,     .     . 

CU4 

•5738      „ 

•3354 

II 

•2258      ,1 

Carbraic  oxide, . 

CO 

•061SI      „ 

•0621 

II 

•0612      1, 

Heavy  hydrocar- 

b0D8,       .      .      . 

... 

•1062      „ 

•0304 

II 

•0179      „ 

Nitrogen,  .     .     . 

a. 

•0220      „ 

•0255 

II 

•0078      „ 

Carbcmie  acid,    . 

•0221      „ 

•0149 

II 

•0150      „ 

Sulphuretted  hy- 

drogen, .     .     . 
Ciih.lt 

SUs 

•0130      „ 

•0048 

*t 

•0011      „ 

1-0000      »» 

1-0000 

»t 

10000      „ 

The  table  on  p.  250  shows  the  composition  of  the  coalj  gas*in 
most  of  the  large  towns  of  Europe,  kc,  |^mt..s?b:,  j 

Caloriflo  Value  of  1  Cubio  Foot  of  any  Coal  Gkts. — From 
the  table  of  B.T.TJ.,  p.  247,  it  is  now  easy  to  find  the  calorific 
value  of  1  cubic  foot  of  any  lighting  gas,  it  being  only  necessary 
to  multiply  the  volume  percentage  of  each  combustible  gas  by  its 
calorific  power  per  cubic  foot,  as  given  in  the  second  column  of 
that  table. 

Take  for  example  the  following  gas : — 


Name  of  Om. 

YolnnMs  in 
cub.  ft. 

Cftlorillo 
Value  RT.U. 
in  1  cnb.  ft. 

Weight  iBilM. 
peroab.ft. 

Volunae 

Methane, 
Ethylene,      . 

Carboiuc  oxide,     . 
Nitrogen^  CO,  and  0»  . 

•4280 
•0277 
•0278 
•4360 
•0430 
•0375 

456*2 
46-5 
910 

128^0 
147 

•019130 
•002169 
•004353 
•002437 
•003366 
•003220 

•8560 
•0831 
•1668 
■2180 
•0215 

1*0000 

7364 

•034680 

13454 

i.0.,  1  cubic  foot  of  this  gas  on  complete  combustion  would  yield 
*  Joum»  Chem,  8oe,,  Na  261, 1884. 
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736-4  RT.U.,  or  ^^^   =  21,230  B.T.U.   per  lb.    of  gas,  and 

would  require  1*345  volumes  of  oxygen  or  6*407  of  air  for  complete 
combostioiL 

As  a  matter  of  fact,  when  1  cubic  foot  of  this  gas  is  mixed  with 
1*345  volumes  of  oxygen,  the  explosion  is  so  violent  as  to  be 
quite  unmanageable.  £ven  when  diluted  with  nitrogen  as  in  sir, 
the  correct  proportions  for  complete  combustion  (here  6*407 
volumes  of  air  to  1  of  coal  gas)  still  give  too  violent  an  explosion. 
This  can  be  moderated  by  using  an  excess  of  air  which  acts  as  a 
diluent,  lowering  the  partial  pressure  of  the  re-acting  gases.  This 
excess  of  air,  together  with  the  whole  of  the  5*062  volumes  of 
nitrogen  introduced  with  the  re-acting  oxygen,  and  the  nitrogen 
originally  present  in  the  gas,  unavoidably  impairs  the  efficiency, 
AS  the  whole  of  this  has  to  be  heated  up  to  the  temperature 
of  the  cylinder  gases.  Further,  it  is  discharged  at  a  high  tem- 
perature (about  400*  to  450*  0.)  together  with  the  carbonic  add 
produced  in  the  reaction,  and  the  whole  of  this  heat  is  wasted. 
In  the  various  producer  cuid  water  gases,  formed  by  forcing  air  or 
mixtures  of  air  and  steam  over  red-hot  coal,  the  amount  of 
nitrogen  is  considerable,  and  accordingly  much  less  air  is  re- 
quired for  their  complete  combustion.  Thus,  wherever  ooal  gas 
requires  from  6  to  15  volumes  of  air,  Dowaon  gas  requires  only 
1^  volumes. 

The  following  table  gives  the  composition  of  several  of  these 
cheaper  gases : — 


Tablx  of  Composition  of  Power  Gasxs  in  Volumx  Pbb  Cxnt. 


Name  of  Qai. 

Oxygen, 

Hydrogen, 

ManhOu, 

CH4,  and 

Oleflant 

Om. 

2-40 

Carbonic 

Oxide. 

CO. 

Carbonic 

^^ 
CO^ 

Nitrogen. 
N. 

Producer  (Siemens*),  . 

8-60 

24-40 

5-20 

69-40 

Water, 

61-89 

0-10 

40-08 

4-80 

313 

Water  (Essen),  . 

48-60 

0-40 

44-00 

3-30 

3-70 

Carburetted  Water,  . 

0'21 

39-40 

25-11 

29-03 

... 

6-29 

Natural,     . 

... 

22  00 

73-00 

0-60 

060 

3^ 

Tessi^  du  Motay, 

... 

43-25 

1-26 

46-50 

6-00 

4-00 

Wilson,      . 

... 

1211 

3-43 

22-32 

6-18 

55-96 

Strong, 

... 

53-00 

... 

36-00 

4-00 

8-00 

■r 

Lowe, 

30  00 

2800 

34-00 

8-00 

Dowson,     . 

o'-os 

18-73 

6'-62 

25-07 

6-57 

48-08 

DowBon,     . 

0-23 

24-36 

1-31 

17-65 

6  07 

60-48 

Lencauchez, 

0-60 

2000 

4-00 

21-00 

SHM) 

4950 

Taylor,       . 

12  00 

1-20 

27-00 

2-60 

57-30 

Mond, 

... 

29-00 

2-00 

11-00 

16-00 

42-00 

RicM  (Wood  Gas).     . 

... 

44-20 

12-40 

2200 

21-30 

... 

HBATlira  YALUI   OF    LIOHTIITO  AND  PRODUCER   OAB. 


25a 


It  may  be  uaeful,  as  an  example,  to  work  oat  the  calorific  value 
of  one  of  these,  aaj  Siemens'  producer  gas : — 

HEATiyo  Valub  of  1  Cubic  Foot  of  Sibmbns*  Pboduobb  Gas  iv 
Brftish  Thbrmai.  Units. 


(Hm. 

SymboL 

Amovnt 
iBlonbLft 

Caloiifle 

Vftloe 

per  onto,  ft 

OalorUo 

paroQlkfL 

ofid^Mln 

BwT.U. 

YolUDM 

tBoali.ft 

Yolame^ 

of  Air  re- 

qoiredln 

e«b.ft. 

Hydrogen,     .     . 
Methane,.     .     . 
Carbonic  oxide, . 
Carbonic  Acid,    . 
Nitrogen, .     .     . 

H, 
CH4 
CO 

•086 
<»4 
•244 
<te2 
594 

293  5 
1066-0 
3423-0 

26-24 

26-58 
83-51 

•043 
•048 
•122 

•205 

•229 
•581 
••• 

1000 

... 

135-33 

0-213 

1015 

Hence  the  calorific  power  of  this  producer  gas  is,  roughly  speaking, 
only  one-fifth  that  of  an  equal  yolume  of  coal  gas,  and  it  require* 
only  a  little 'more  than  its  own  volume  of  air  for  complete 
combustion. 

Interesting  calculations  by  A.  Nauroann  on  the  transformation 
of  heat  into  chemical  energy  in  the  production  of  power  gas  will  be 
found  in  the  Berichte  der  detUschen  chemischen  Oeselhcha/ty  No.  25, 
1892.  In  the  formation  of  producer  or  air  gas,  heat  is  liberated,  in 
that  of  water  gas  it  is  absorbed,  and  the  author  considers  how  the 
surplus  heat  of  the  one  process  can  be  utilised  in  the  other.  This 
may  be  done  either  by  introducing  water  with  the  air  for  combus- 
tion (as  in  Dowson  gas),  thus  forming  what  he  calls  "  water  pro- 
ducer gas,"  or  by  introducing  CO^  to  form  carbonic  acid  producer 

The  same  subject  has  been  treated  by  Mr.  Norton  Humphreys  in 
a  paper  on  "  The  Gas  Engine,  from  a  theoretical  point  of  view."  ♦ 
Volume  for  volume,  the  calorific  value  of  lighting  gas  increases 
with  its  illuminating  power.  The  richer  the  gas,  the  greater  its 
specific  gravity,  but  if  judged  by  weight,  its  quality  does  not  afiect 
the  heating  value.  To  estimate  the  latter  accurately,  not  only 
the  weight,  but  also  the  chemical  composition  of  a  gas  should  be 
known. 

The  following  table  is  taken  from  Mr.  Dugald  Clerk's  paper  on 
"  Recent  Developments  in  Gas  Engines,"  in  the  Proceedings  of  the 
InstUution  o/Ciml  Engineers^  vol.  cxxiv.,  1895-1896.  It  is  calculated 
from  an  analysis  by  Dr.  P.  F.  Frankland  in  a  paper  read  before  the 
Society  of  Chemical  Industry,  5th  May,  1884,  and  gives  the  weight, 
volume,  and  heating  value  of  lighting  gas  in  most  of  the  large 
towns  in  England  and  Scotland : — 


*  Qas  Engineer's  Annual,  1889. 


254 


OAB   EHGIKB8. 


CQ«CO09COCQMTO^CQ       CO  ^  CO  «0  ^  ^  <^  ^^CO 


i 


•  ^  t^  A  00  M  w  Ok 
HO  "♦  >*  ^ '^  "♦  •* 


>  r^  CO  CO  t«  o  t«  0 


^s§^gs§i§i§  §§§§ei§l§l 


^mSoioSSioioioioio 


28"22"8S2'8E8" 


S???ftr:2SSS 

CO  CQ  CO  CO  CO  CO  CO  ^  CO  ^9 


Smco^MooSSSS 


trf 


^  ^  .^  ^  ^  ^  ^A  ^  JL^  J!a  Mk  JLk  M  ^Vk  *a  M  A«  «M  M  «n 


'ifCOCOCOOOCOCOOOCOCO 


cooio)e«&)cicic9coo« 


<«  CO  4fi  CO  CO  CO  CO  eo  eo  CO  c:  C4  co  co  co  co  04  04  co  e< 


I 


•> 


1^" 

'SI 

II 


d-- 


•H 


I,  irif -I  ••«*l    lil  -III  if 


4 


THB   UTILISATION  OF  HBAT   IN   A   OA8   BKQINE.  255 


CHAPTER    XV. 
THE  UTILISATION  OF  HEAT  IN  A  GAS  ENGINE. 

CoNTiNTS. — Cras  Power  ver«tM  Steam  Power — Comparison  of  Heat  Efficiencies 
of  Steam  and  Gas  Engines—- Balance  of  Heat— Four  Efficiencies — Ideal 
Diagram — Actual  Otto  Diagram^— Ayrton  and  Perry's  Experiments — 
Formule  of  Efficiency — Four  Types  of  Engine— Heat  Balance  Sheet. 

Haying  now  considered  the  laws  governing  heat,  the  chemical 
nature  of  the  changes  taking  place  in  the  charp;e  of  gas  and  air  in 
an  engine  cylinder,  and  the  heat  developed,  we  come  to  the  question 
how  fkr  this  heat  is  really  usefully  employed  as  motive  power. 
Upon  this  vital  point  the  whole  theory  and  practice  of  a  heat 
engine  rest  The  heat  supplied  is  used  to  drive  out  a  piston,  but  it 
can  never  all  be  turned  into  .work.  Tiie  analyses  and  calculations 
of  the  heat  of  gases  in  the  preceding  chapter  enable  us  to  determine 
how  much  heat  goes  into  a  motor  cylinder,  and  we  must  now  try 
and  trace  what  becomes  of  it.  What  is  the  proportion  wasted  and 
utilised!  What  are  the  causes  of  the  waste  of  heat,  and  con- 
sequently of  power,  and  how  far  can  this  loss  be  avoided,  in  the 
construction  and  working  of  a  heat  engine  ? 

An  erroneous  idea  is  sometimes  prevalent  that  heat  is  a  mysterious 
attribute  imparted  to  a  body,  which  cannot  be  measured  or 
accounted  for.  The  heat  evolved  in  a  gas  by  combustion  in  a 
cylinder  does  not  disappear  in  some  unknown  manner.  Either  it 
remains  to  raise  the  temperature  of  the  gas,  or  it  is  dissipated  in 
one  of  three  different  ways.  A  certain  quantity  is  radiated  into 
the  atmosphere  through  the  walls  of  the  cylinder,  and  into  the 
water  jacket.  Some  is  expended  in  power,  according  to  the  law  of 
the  mechanical  equivalent ;  and  a  proportion,  varying  according  to 
the  more  or  less  perfect  cycle  of  the  engine,  is  left  at  the  end  of 
expansion,  to  be  carried  off  to  the  atmosphere  at  the  exhaust 
stroke. 

Gas  Power  as  Compared  with  Steam  Power. — It  has  now 
been  proved  by  experiment  that  a  good  gas  engine  turns  about 
double  as  much  heat  into  work  as  a  good  steam  engine.  This  is 
chiefly  because  the  range  of  working  temperatures  is  very  much 
higher.  In  a  boiler  and  steam  engine,  or  what  may  rightly  be 
called  an  external  combustion  motor,  the  source  of  heat,  the  furnace, 
is  separated  from  the  engine,  and  the  steam  is  raised  to  its  highest 
temperature  before  it  enters  the  cylinder.  However  carefully  the 
steam  pipes  may  be  covered,  they  carry  off  some  heat.  The 
temperature  of  the  working  agent  cannot  be  so  great  when  heat  is 
added  externally,  before  work  on  the  piston  is  b^un,  as  when  it  is 
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imparted  actually  inside  the  cylinder,  as  in  a  gas  motor.  When  the 
water  in  a  boiler  is  converted  into  steam,  a  change  of  physical 
condition  takes  place.  A  certain  quantity  of  heat  becomes  latent, 
or  is  stored  np  without  raising  the  temperature  of  the  steam,  in 
order  to  produce  the  change  from  a  liquid  to  a  gaseous  state.  Nor 
does  steam  wholly  conform  to  the  law  of  Gay-Lussac,  because  it  is 
not  a  perfect  gas.  It  increases  more  rapidly  in  pressure  than  in 
temperature,  when  heat  is  applied  to  it.  At  a  temperature  of  450* 
C.  absolute,  it  has  a  pressure  of  10  atmospheres «=  150  lbs.  to  the 
square  inch.  From  these  causes  the  initial  temperature  of  the 
steam  is  relatively  low ;  the  range,  or  difference  between  the  two 
sources,  is  never  very  great,  and  consequently  less  heat  is  available 
to  be  utilised  in  work. 

In  gas  engines  the  conditions  are  very  different.  Combustion 
takes  place  in  the  cylinder  itself,  or  in  a  contiguous  chamber,  and 
there  is  no  boiler  or  its  equivalent,  except  when  the  engine  is 
driven  with  power  gas.  The  gas  is  introduced  into  the  cylinder  at 
a  comparatively  low  temperature.  The  heat  is  produced  at  once 
by  explrtsion  and  combustion,  and  utilised  on  the  piston.  The 
theoretical  temperature  of  explosion,  obtained  by  calculating  the 
heat  of  combustion  of  the  chemical  constituents  of  the  gas,  is 
estimated  at  from  2600^  to  nearly  4000*  C.  To  two  causes — namely, 
internal  combustion  and  permanence  of  physical  state  in  the  gas — 
the  greater  practical  efficiency  of  a  gas  engine  is  chiefly  due.  It 
must  not,  however,  always  be  assumed  that,  in  all  cases,  the  power 
at  the  end  of  the  crank  shaft  is  obtained  more  economically, 
because  the  mechanical  efficiency  of  the  gas  engine,  or  the  ratio  of 
brake  to  indicated  horse-power,  is  generally  lower  than  that  of  a 
steam  engine.  In  other  words,  a  gas  engine  often  takes  more 
power  to  drive  itself  than  a  good  steam  engine. 

It  is  of  much  practical  importance  that  the  various  cast-iron 
piston  rings  should,  in  a  gas  engine,  be  made  to  fit  even  more 
tightly  than  in  a  steam  engine,  because  the  initial  pressures  in  the 
former  are  very  much  higher.  The  rings  should  be  carefully 
examined  from  time  to  time,  to  see  that  no  leakage  has  taken  place. 

The  Heat  Efflcienoy,  taking  the  B.H.P.,  of  the  beat  modem 
mill  steam  engines,  triple-condensing  steam  jacketed,  using 
saturated  steam  of  about  160  lbs.  pressure,  is  at  the  present  time 
from  19  per  cent  to  14  per  cent  This  efficiency  is  yielded  by 
engines  of  from  750  to  350  I.H.P.,  as  shown  in  the  tables  published 
by  the  author  in  The  Engineer,  October  13,  1899.  For  ordinary 
compound  engines  this  heat  efficiency  would  be  lower,  and  for  the 
usual  single-cylinder  engines  still  less.  In  the  ten  best  gas  engines 
using  town  gas,  of  Table  No.  1,  the  heat  efficiency,  taking  the 
B.H.P.,  varies  from  25  per  cent,  to  18  per  cent  for  motors 
developing  from  60  to  10  I.H.P.  In  engines  driven  with  power 
gas  this  efficiency  works  out  rather  higher.  Taking  the  first 
eight  in  Table  No.  4,  developing  from  280  to  8  I.H.P.,  the  heat 
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efficiency  per  B.H.P.  Twries  from  ^2  per  cent,  to  18  per  cent.  Too 
few  experiments  are,  as  yet,  available  for  engines  driren  with  high 
fiimace  gases  to  estimate  them  correctly  on  the  same  basiB,  but  in 
Professor  Meyer's  excellent  trials  on  an  engine  indicating  80  H.P., 
the  heat  efficiency  for  the  fi.H.P.  was  25  per  cent,  (see  Table  No.  6). 
Bat  there  are  limits  to  the  heat  obtained  by  internal  combustion 
in  a  gas  engine  cylinder.  Far  more  heat  is  developed  than  can  be 
utilised,  or  brought  safely  into  contact  with  the  walls  and  working 
parts  of  the  engine.  Professor  Witz  says  that  the  limit  of  working 
temperature  in  a  heat  engine  throughout  the  stroke  is  estimated  at 
about  573**  absolute  =  300*  C.  It  is  true  that  much  higher  tempera- 
tures are  obtained  in  a  gas  engine ;  they  cannot  indeed  be  avoided, 
but  neither  can  they  at  present  be  properly  utilised.  A  temperature 
of  1600*  0.  or  1873*  absolute  is  taken  by  the  best  authorities  as  an 
average  maximum  temperature  of  explosion,  and  it  is  seldom  lower 
than  1000*  C.  or  1273*"  absolute.  Such  heat  must  be  instantly 
counteracted  and  dispersed,  and  this  is  obtained  by  circulating 
water  in  the  jacket  round  the  cylinder,  and  thus  lowering  the 
temperature  of  the  gas  at  explosion  and  afterwards.  If  it  were  not 
for  these  practical  difficulties,  the  20  per  cent,  actual  efficiency 
mentioned    above    would    be    considerably    increased.       In    the 

T  -T 
formula  -^= — ^,  p.  229,  T^  is  the  maximum  temperature  of  ex- 

plosion.  Practically  about  one-third  to  one-half  this  heat  T^  is 
carried  off  by  the  action  of  the  walls  and  water  jacket,  and  much 
of  the  remainder  escapes  with  the  unburnt  gases.  The  colder  walls 
abstract  heat  which  must  be  dispersed,  but  might  with  great 
advantage  be  retained.  Their  action  is  necessary,  but  not  perhaps 
to  its  full  extent,  and  here  is  a  great  opening  for  future  improve- 
ment. 

Balance  of  Heat. — A  most  useful  method  of  studying  heat 
and  its  utilisation  in  any  engine  was  first  introduced  by  the  late 
G.  A.  Hirn.  He  drew  up  what  he  termed  a  heat  balance  sheet, 
showing  on  one  side  all  the  heat  given  to  an  engine,  and  on  the 
other  how  it  was  expended.  It  is  now  usual,  following  his  method, 
to  make  such  a  heat  balance,  in  calculating  the  results  of  an  engine 
teat.  The  heat  received  is  put  on  one  side  of  the  account,  and 
that  dissipated,  measured,  and  unaccounted  for  on  the  other.  In  a 
gas  engine  such  a  heat  account,  as  shown  by  actual  experiments, 
will  be  found  on  the  next  page. 

The  figures  vary  much  with  different  engines,  but  these  may 
be  taken  to  represent  fair  working  conditions.  They  are  from 
Professor  Capper's  trial  of  a  7  nominal  H.P.  Crossley  engine.  (See 
other  Heat  Balance  Accounts  on  p.  265). 

The  actual  heat  supplied  to  an  engine  cannot  be  accurately 
calculated,  unless  the  calorific  value  of  the  gas  is  known.  This 
may  be  determined  either  by  chemical  analysis,  or  by  combustion 
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in  a  calorimeter  (see  p.  240).  The  gaa  yaries  from  hour  to  honr 
in  the  proportions  of  its  chemical  constituents,  and  its  heating 
yalue  differs  in  erery  town.  The  amount  of  air  used  to  dilute  the 
charge  is  also  an  element  of  uncertainty  in  making  calculations. 
The  ordinary  method  is  to  measure  the  quantity  of  gas  entering  the 
cylinder  by  a  meter,  and  to  calculate  the  air  consumption  from  the 
total  volume,  but  this  is  an  unsatisfiM^ry  plan.  A  certain  amount 
of  the  products  of  combustion  almost  always  remain  in  the  cylinder, 
mixing  with  the  fr'esh  charge,  and  as  the  quantity  of  gas  admitted 
does  not  vary,  they  must  reduce  the  proportion  of  air  entering  with 
it.  The  quantity  of  air  should  be  actually  measured,  and  this  has 
been  done  by  Dr.  Slaby  and  others.  It  is  not  an  easy  process,  but 
is  essential  tor  accurate  trials. 

Gas  Knoll!  b~H jut  Balanob  Account  (AvEaAOx). 


Dr,       He»(  rMhrdI  by  the  KogiM. 

Heel  Mcoanked  for.  Ac.            Or. 

Heat   onitB  (T.U.)  re- 
oeived  per  explosion, 

Total, 

Percent. 
100 

Inwork(T.U.)I.H.P..  . 
Carried  off  by  jacket,      . 
Carried    off   in   ezfaianBt 
gases,  . 

and  radiation,  and  un- 
acoonnted  for,     . 

Total, 

Percent. 
22-32 
32  96 

43-29 
1-43 

100 

100 

Bxpantion. — The  utilisation  of  heat  in  a  gas  engine,  and  its 
transformation  into  work,  is  mainly  obtained  during  the  two 
processes  of  expansion  and  compression.  The  uses  of  compres- 
sion, and  the  great  advantages  derived  from  it,  have  already  been 
explained.  It  reduces  the  original  volume  oC  the  gases,  and 
increases  their  power  of  expansion.  But  since  the  temperature 
obtained  by  explosion  in  a  gas  engine  is  high,  the  expansive  force 
of  the  gases  is  correspondingly  high,  and  is  never  completely 
utilised.  The  gases  are  always  discharffed  into  the  atmosphere  at 
a  considerable  pressure,  which,  had  it  been  possible  to  prolong  the 
stroke  indefinitely,  might  be  turned  to  useful  account  in  doing 
work  upon  the  piston.  It  is  on  account  of  this  high  expansive 
energy  of  the  gases  that  most  modern  writers  insist  upon  ignition 
at  the  dead  point  The  whole  heat  is  added,  and  explosion  takes 
place  as  &r  as  possible  at  constant  volume,  or  before  the  piston  has 
moved,  and  thus  the  whole  volume  of  the  cylinder  is  available  for 
the  expansion  of  the  gases. 

Effloienoies. — Engineers  often  employ  four  kinds  of  Efficiencies, 
to  represent  the  utilisation  of  heat  and  power  in  an  engine. 

I.  The  first  is  known  as  the  Maximum  Theoreti^  Efficiency 
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of  a  perfect  engine,  and 
It  is  expressed  bj  the 


is  defined   in  the  preceding  chapters. 


formula  — ^ 


-  T. 


and  shows  the  working 


of  a  perfect  engine  between  these  limits  of  temperature  CT^  and  Tq). 

II.  The  second  is  the  Actual  Heat  Efficiency,  or  the  ratio  of 

the  heat  turned  into  work  to  the  total  heat  received  by  the  engine. 

The  work  is  often  given  in  I.H.P.,  but  B.H.P.  should  be  added  if 

%nd  it  is  the  best  standard  of  comparison.     (See  Table  of 

many  examples.) 

.'he  third  is  the  ratio  between  the  second  (actual   heat 
r)  and  the  first  (maximum  theoretical  efficiency).     It  repre- 
)  maximum  proportion  of  possible  heat  utilisation  actually 
by  the  engine. 

he  fourth  is  the  Mechanical  Efficiency.     It  is  the  ratio 

the  useful  horse-power  (or  brake  H.P.)  available  at  the 

le  crank  shaft,  and  the  total  indicated  horse-power.     The 

>  between  the  two  is  the  I.H.P.  necessary  to  drive  the 

iel£     Suppose  an  engine  indicating  a  total  of  100  H.P., 

by  a  special  experiment  it  was  found  that  20  H.P.  was 

to  keep  the  engine  going  at  the  same  speed,  without  any 

work.     In  such  a  case  the  mechanical  efficiency  would  be 

mt. 

Diagram. — The  diagrams  representing  the  area  of  work 
.t  engine  are  similar  to  that  of  Camot's  perfect  cyde,  but 
.  shape  according  to 
3e  of  motor,  and  the 
produced  by  the  pres- 
expansion,  and  cooling 
e  gases.    Fig.  105  repre- 
a  perfect  cycle,  in  which 
.^ses  are  compressed  be- 
W4<5  ignition.     The  line  A  B 
is  the  abscissa,  and  is  propor- 
tionate to  the  cylinder  volume 
and  the  length  of  stroke.  The 
line  D  F  is  the  ordinate  of 
pressure,  and  the  mean  height 
of  the  area  D  F  B  O  D  gives 
the  mean  pressure.     Explo- 
sion takes  place   at  D,  the 
pressure  rising  instantly  to 
F  without  change  of  volume,  as  the  piston  is  stationary.     From  F 
to  B  the  charge  expands,  and  all  the  work  of  the  engine  is  done. 
The  pressure  and  temperature  fall  in  consequence.     From  B  to  A 
the  gases  are  discharged  at  atmospheric  pressure.      The  piston 
draws  in  the  charge  from  A  to  B,  and  compresses  it  into  the 
clearance  space. 
In  this  ideal  diagram  all  the  lines  follow  Oarnot's  cyde.     Oom- 


Fig.  105.  —Diagram  of  Perfect  Cycle  with 
CompreBsion. 
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presrion  and  explouon  are  both  adiabatio — that  is  to  say,  no  heat 
is  lost,  bnt  all  is  transformed  into  energy,  and  again  refunded  bj 
compression  of  the  charge.  The  gases  also  expand  till  their 
pressure  falls  to  atmospheric,  and  their  whole  energy  is  supposed 
to  be  utilised.  The  diagram  is  formed  of  two  Mliabatic  lines, 
compression  and  expansion;  a  rertical  explosion  line  with  no 
increase  in  volume  during  the  rise  in  pressure,  and  a  horizontal 
exhaust  line,  with  no  back  pressure  during  the  return  to  the 
original  yolume. 

Actual  Otto  Diagrams.^ We  will  now  consider  what  really 
takes  place  in  an  engine,  and  the  area  of  work  shown  by  an 
indicator  diagram.  Fig.  106  is  an  actual  indicator  diagram  taken 
at  a  trial  of  an  Otto  engine  by  Messrs.  Brooks  d^  Steward,  and 
similar  to  most  modem  diagrams.  Here  A  B  is  the  line  of  atmos> 
pheric  pressure,  and  almost  parallel  with  it  is  the  line  of  admission, 
A  C.  It  will  be  remembered  that,  in  the  Otto  cycle,  the  piston 
draws  in  the  charge  during  one  entire  forward  stroke.     If  the  lines 
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Fig.  106.— Otto  Engine — Actual  Indicator  Diagram — Single  Cylinder— Single 
Acting.     (The  figures  indicate  sequence  of  operations.) 

A  B  and  A  C  be  compared,  the  latter  will  be  seen  to  be  rather 
lower,  showing  that  there  is  a  small  vacuum  in  the  cylinder,  and 
the  charge  is  admitted  at  a  pressure  slightly  below  that  of  the 
atmosphere.  From  G  to  D  the  charge  is  compressed,  the  pressure 
rises,  but  the  line  falls  below  the  adiabatic  (compare  0  D  in  Fig. 
100).  Evidently  the  heat  is  carried  off  and  abstracted  by  the 
cooler  walls,  as  well  as  stored  up  by  the  compression  of  the  gas. 
From  D  to  F  is  the  explosion  line,  which  also  deviates  from  the 
perfectly  vertical  line  in  Fig.  105.  The  top  of  the  diagram  is 
rounded,  showing  that  the  piston  had  begun  to  move  a  little  before 
explosion  was  complete;  the  pressure  did  not  at  once  attain  its 
maximum,  nor  was  combustion  complete  when  the  highest  pressure 
was  reached.  The  line  of  expansion  F  G  differs  from  the  true 
theoretical  adiabatic  curve.  Various  circumstances,  such  as  "after- 
combustion,"  and  also  the  cooling  action  of  the  walls,  contribute  to 
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alter  the  shape  of  the  expansion  curve  in  actual  gas  engines.  At 
6  a  phenomenon  occurs,  with  which  nothing  in  Fig.  105  corre- 
sponds. The  exhaust  valve  opens  prematurely,  while  Uie  gases  are 
still  at  a  high  temperature  and  tension,  and  the  pressure  falls 
suddenly,  before  expansion  is  completed  ;  the  gases  escape  into  the 
Atmosphere,  instead  of  continuing  to  act  upon  the  piston.  At  H 
the  end  of  the  stroke  is  reached,  and  the  gases  of  combustion  are 
discharged  along  the  return  line  from  H  to  A  At  the  beginning 
of  the  return  stroke  this  line  is  above  the  atmospheric  pressure  to 
which  the  gases  are  in  theory  reduced  at  the  end  of  expansion,  and 
there  is  a  certain  amount  of  back  pressure,  or  pressure  retarding 
the  motion  of  the  piston. 

This  indicator  <uagram  may  be  taken  as  a  typical  representation 
of  the  curves  of  pressure  usually  obtained  in  an  Otto  engine  during 
two  revolutions.  The  chief  reasons  for  the  variations  in  this,  as 
<M>mpared  with  a  theoretical,  cyde,  are  : — 

1.  Explosion  is  not  instantaneous,  and  continues  after  the  piston 
has  begun  to  move  out. 

2.  Combustion  is  not  completed  till  some  time  after  the  beginning 
of  the  stroke,  and  the  whole  heat  is  not  developed  instantaneously. 

3.  Heat  is  carried  off  by  the  walls  and  the  water  jacket,  to  reduce 
the  temperature  within  practicable  limits. 

4.  Expansion  is  never  adiabatic,  and  the  whole  heat  expended 
or  evolved  from  the  gas  is  not  absorbed  in  doing  work. 

5.  Expansion  is  not  continued  till  the  pressure  of  the  gases  is 
reduced  to  atmospheric,  but  they  are  discharged  much  before  their 
full  pressure  has  been  utilised  in  work  on  the  piston. 

Ayrton  and  Perry. — A  very  complete  and  careful  study  of  a  6 
H.P.  Otto  gas  engine  indicator  diagram  will  be  found  in  a  paper 
by  Messrs.  Ayrton  <&  Perry,  in  the  PhUo$ophieal  Magazine  for  July, 
1884.  The  authors  consider,  first  the  action  in  the  cylinder  and 
the  nature  of  the  working;  fluid,  both  before  and  after  combustion  ; 
next,  the  shape  of  the  indicator  diagram  as  regards  the  compression 
and  expansion  of  the  mixture,  and  the  influence  of  vibrations  in 
the  indicator  spring.  Formulfe  are  given  for  calculating  the  curves. 
The  heat  imparted  to  the  fluid,  determined  from  its  volume  and 
pressure,  is  also  studied,  as  well  as  the  total  heat  and  work  during 
the  cycle,  and  the  loss  of  heat  during  compression  and  by  radiation. 

T    -  T 
Formulfls  for  Effioiencies. — Although  the  formula  -^s — ^ 

applies  equally  to  all  heat  engines,  there  are  various  types  of  gas 
motors,  each  utilising  differently  the  heat  supplied.  In  practice 
they  are  classified  under  four  heads.  In  each  of  these  types  the 
indicator  diagram  varies  slightly  in  shape,  and  the  actual  efficiency 
may  be  expressed  by  a  different  formula.  The  forruuln  of  efficiency 
now  generally  used  in  calculating  the  work  obtained  in  theory  from 
a  gas  engine  were  orginally  drawn  up  by  Professors  Schottler  and 
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Wits,  and  Mr.  Dagald  Clerk,  from  whose  able  generalisations  the 
following  figures  are  taken  : — 

The  first  three  types  of  gas  engines  are  direct  acting,  and  the 
heat  supplied  acts  directly  bj  expansion  of  the  gas  upon  the  piston ; 
the  fourth  is  indirect  acting,  the  expansion  of  the  gases  forces  up 
the  piston,  but  no  work  is  done  except  during  its  descent.  The 
formula  for  calculating  the  maximum  theoretical  efficiency  is,  as 

T   -  T 
already  given, — Sp — ^,  in  which  T^  represents  the  highest  absolute 

temperature  attained  by  the  gases,  T^  the  temperature  (absolute) 

T   —  T 
to  which  they  fall  after  doing  work  on  the  piston,  and  1  —  ^^ — -^ 

the  percentage    of   heat  utilised.      The  same    formula  may   be 
differently  stated,  thus — 

=  c(T,-To) 


1  +» 


or — The  total  quantity  of  heat  developed  by  the  explosion  of  the 

ffases  (Q)  divided  by  the  weiffht  of  the  charge  (1  of  gas  plus  n 

dilution  of  air)  is  equal  to  the  highest  absolute  temperature  of  the 

gases,  Tj,  less  the  lowest  absolute  temperature,  T^,  multiplied  by 

their  specific  heat  at  constant  volume,  c^     The  specific  heat  of  the 

gases  at  constant  volume  is  taken,  because  it  is  assumed  that  the 

whole  of  the  heat  is  added  before  the  piston  has  moved.     From  the 

quantities  of  heat  the  pressures  can  be  deduced,  according  to  Boyle's 

T 
law.     Thus  />i  =  Pq  jp'  or — The  highest  pressure,  p^,  developed  by 

the  explosion  of  the  gases  is  equal  to  the  initial  pressure,  p^,  mul- 
tiplied by  the  ratio  between  the  highest  and  lowest  absolute 
temperatures.  In  the  following  formuke  the  pressures  are  omitted, 
but  they  can  be  worked  out  by  the  student  from  the  temperatures. 
1 .  The  first  type  of  gas  motor  is  the  direct- acting  non-compression 
engine.  Here  the  gases  are  not  compressed  before  ignition,  but  are 
admitted  into  the  cylinder  at  atmospheric  pressure  and  ordinary 
temperature.  All  the  heat  is  then  generated  at  once,  and  the  gases 
expand,  driving  the  piston  to  the  end  of  the  stroke.  The  best 
example  of  this  sequence  of  operations  is  furnished  by  the  original 
Lenoir  engine  (see  diagram,  p.  33).  In  its  cycle  there  are  three 
important  temperatures — Tq  the  initial  temperature  of  the  gases 
admitted  into  the  cylinder,  T^  the  highest  temperature  during 
explosion,  and  T^  the  temperature  of  the  gases  at  release,  after  they 
have  done  work  on  the  piston.  In  theory  Tg  should  be  equal  to  T^ 
— that  is,  the  gases  should  be  reduced  to  their  original  atmospheric 
temperature.  In  practice  this  is  never  possible,  but  they  are  always 
discharged  at  a  higher  temperature  than  Tq.  Q  represents  the  quan- 
tity of  heat  added  from  the  source  of  heat  (in  heat  units  or  calories), 
Q«  the  quantity  discharged  to  the  exhaust,  Q^  the  quantity  turned 
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into  work,  uid  y  the  ratio  between  the  specific  heat  of  the  gases  at 
constant  volume  (c,)  and  at  constant  pressure  (e,).     Thus — 

Q  =  c.  (Ti  -  To). 
The  form  jla  for  actual  efficiency  E  of  this  class  of  engine  is : — 

0.  (T,  -  To)  -  cp  (T,  -  To)  _  ,  /T,  -  T«\  Q. 

2.  In  the  Becond  type  of  engine  the  gases  are  compressed  before 
ignition,  and  explosion  takes  place  at  constant  volume.  To  the  three 
temperatures  given  above,  and  always  to  be  taken  into  account  in 
estimating  the  heat  efficiency  of  any  engine,  the  compression  of  the 
gases  before  ignition  adds  a  fourth,  T.  =  temperature  of  compression. 
Work  being  done  on  the  gas  by  driving  the  particles  closer  together, 
heat  must  be  developed.  This  rise  in  temperature  is  calculated  by 
multiplying  the  original  temperature,  T^,  by  the  diffisrence  in  the 
volume  of  the  gases  before  and  after  compression,  raised  to  the  power 
of  the  ratio  of  the  specific  heats  minus  1 .  The  temperatures  are  here 
obtained  from  the  volumes,  according  to  Boyle's  law.  The  formula 
for  calculating  this  temperature  of  compression  f 


-•©• 


<«I6  -  1  —  408. 


where  vx  is  volume  before  compression,  v^  is  volume  after  compres- 
sion. The  Otto  four-cycle  engine  is  the  best  example  of  this  type 
(see  diagram,  p.  89).     Thus — 

Q  -  c  (T,  -  T,)       Q.  =  c,  (Ts  -  To)       Q.  -  Q  -  Q. 

The  actual  efficiency  of  this  type  is — 

^  (Ti  -  T,)  -  c^  (Tt  '  To)    _  ,  /T,  -  To\       ,       Q. 

"  c,  (Ti  -  To)  -  *  -  r  \^fi  -  To;  =  ^  -  Q  • 

3.  The  third  type  represents  an  engine  in  which  the  gases  are 
compressed  before  ignition,  as  in  the  second  type,  but  instead  of 
exploding,  they  bum  at  constant  pressure.  They  enter  the  cylinder 
as  flame,  and  drive  the  piston  forward,  not  by  the  force  of  the  explo- 
sion, as  in  the  two  former  types,  but  by  the  expansion  of  the  burn- 
ing gases.  It  seems  at  first  as  though  this  type  ought,  in  accord- 
ance with  the  theories  hitherto  laid  down,  to  give  a  very  low 
efficiency — that  is,  to  utilise  a  very  small  proportion  of  the  heat 
supplied  to  it,  because  there  is  a  constant  temperature  of  combus- 
tion during  the  forward  stroke,  instead  of  an  instantaneous  tempera- 
ture of  explosion.  The  highest  temperature  attained  is  not  very 
great,  and  there  is  less  range  than  in  the  other  types.  It  is,  how- 
ever, an  engine  giving  excellent  results  in  theory,  and  it  is  difficult 
to  understand  why  these  results  are  not  realised  in  practice.  The 
working  defects  are  attributed  chiefly  to  insufficient  compression. 
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The  effloieiioj  depends,  not  on  the  highest  tempenture  attained, 
bat  upon  the  amoont  of  compression,  and  the  greater  the  compres- 
sion Uie  greater  the  heat.  In  this  class  of  engine,  therefore,  the 
usual  rule  is  reversed,  and  an  efficient  cycle  is  obtained  with  a  low 
temperature  of  explosion,  T^.  The  best  example  of  this  type  is  the 
Simon  engine  (see  p.  49).  In  the  formula  the  ratio  of  specific  heat 
does  not  appear,  because  the  burning  gases  are  at  a  uniform  tempera- 
ture throughout  the  stroke,  and  all  the  operations  are  effected  at 
constant  pressure. 

Q  =  c,  (Ti  -  T,)       Q.  =  c,  (T,  -  To)       Q.  =  Q  -  Q^ 
Efficiency  B-  e,TT,— 1^) "  ^  ^  VfT^To)  =  ^  "  Q ' 

4.  Atmospherio  Gas  Sngines. — To  this  class  belong  engines 
in  which  the  action  of  the  gas  upon  the  piston  is  indirect,  and 
work  is  obtained,  not  by  expansion,  but  by  the  formation  of  a 
vacuum  under  the  piston.  Theoretically,  this  type  is  the  most 
perfect  of  all,  because  of  the  high  explosion  pressure,  and  the 
apparently  unlimited  expansion,  but  this  great  expansion  can 
never  be  utilised  in  practice.  A  piston  of  uudefined  length,  per- 
mitting the  gases  to  expand  until  their  pressure  falls  to  atmos- 
phere, would  be  necessary  to  utilise  fully  the  power  developed, 
and  this  is  impossible  under  working  conditions.  As  the  gases 
are  not  previously  compressed,  there  is  no  temperature  of  com- 
pression, but  another  temperature  must  be  reckoned,  T^  repre- 
senting the  temperature  of  the  gases  afber  the  exhaust  has  opened, 
but  b^ore  they  are  compressed  by  the  atmosphere,  and  restored 
to  their  original  condition.  The  heat  quantities  are  represented 
by— 

Q=c,(Ti-To)        Q.  =  c(T,  -T4)        (i,  =  Q-Q.. 


Efficie„cyE  =  l-(^l^)=<|. 


These  formulae  will  be  best  understood,  if  calculated  and 
expressed  in  figures.  The  temperature  of  explosion  in  most  gas 
engines  is  usually  taken  at  from  1000**  C.  »  1273*  Abs.  to  1600" 
C.  =  1^73*  Abs.  The  initial  temperature  is  commonly  assumed 
to  be  from  about  12*  O.  -  285'  Abs,  to  18'  0.  =  291'  Abs.  The 
initial  atmospheric  pressure  is  taken  at  14*7  lbs.  per  square  inch  ; 
the  volume  of  the  cylinder  is  reckoned  in  cubic  feet  or  cubic 
metres.  In  an  experiment  made  on  a  4  H.P.  Otto  engine  by  Dr. 
Slaby,  the  absolute  temperatures  were  computed  as  follows  : — 

Initial  temperature, Toi    400""  C. 

Temperature  of  explosion,        ....  T],  1604*'C. 

Temperature  at  the  opening  of  exhaust,  .  T,,  1068**  C. 

Temperature  of  compression,    .         .         .        •  Tj,    400*  C. 
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The  actual  efficiencj  calculated  numericallj  (see  formula  of  the 
second  type)  is — 

01^  (1504°  -  400°)  -  0-264  (1068*  -  40(f)      , 
"~  0192  (1604°  -  40?)  -  ^  ~  **'® 

or 

E«?ii:^^;^^  =  0i68  =  l-  1-876X  -606  =  17  per  cent. 

From  the  above  formulao  of  efficiencies  it  is  evident  that,  in 
order  to  obtain  a  sufficient  fall  in  temperature,  it  is  of  great 
importance  to  keep  the  initial  temperature  of  the  gases  low. 
In  theory  the  efficiency  of  the  engine  depends  on  the  range  of 
temperature,  and  the  lower  the  initial  temperature,  and  the  lugher 
it  can  be  raised  by  explosion  the  better.  Much  stress  is  therefore 
laid  by  all  authorities  upon  introducing  the  gases  into  the  cylinder 
at  as  low  a  temperature  as  possible.  The  utilisation  of  the  heat 
in  theory  depends  on  the  difference  between  the  maximum  tem- 
perature and  the  temperature  of  admission.  In  practice,  however, 
the  hotter  the  gases  (after  explosion),  the  greater  will  be  the 
difference  in  temperature  between  them  and  the  cylinder  walls; 
consequently  the  waste  will  also  be  greater,  because  they  will  part 
with  more  heat  to  the  water  jacket.  To  obtain  an  economical 
working  cycle,  all  loses  of  heat  should  be  reduced  as  much  as 
possible.  These  are,  the  exposure  of  a  large  area  of  cylinder 
surface  to  the  hot  gases,  and  the  length  of  time  during  wluch  the 
exposure  lasts.  The  cause  to  which  waste  of  heat  are  attributed 
will  be  studied  in  the  next  chapter. 


CHAPTER    XVI. 
EXPLOSION  AND  COMBUSTION  IN  A  GAS  ENGINEo 

Contents. — Definition  of  Terms — Rate  of  Inflammability  in  Grasee — E^eri- 
ments  by  Bunsen,  Mallard  and  Le  Chatelier,  Berthelot  and  Vieille,  Witz, 
Clerk — Boston  Trials— Experiments  on  Prodacts  of  Combustion,  Grover— 
Haber — Burstall  on  Measurements  of  Temperature — Gas  Engine  Research 
Committee — Wall  Action  in  Gas  Engine  Cylinders — Meyer's  Experiments 
on  Compression— Loss  of  Heat— Variations  in  Expansion  Curve— Strati- 
fication— Dissociation— Cooling  Action  of  Walla— Movements  of  Heat- 
Effect  of  Time — Action  of  Timing  Valve. 

The  phenomena  taking  place  and  work  obtained  in  a  heat  engine 
have  now  been  shown  to  depend  on  the  development  and  ntilisation 
of  heat.  Since  heat  in  the  cylinder  is  obtained  by  the  ignition, 
explosion,  and  combustion  of  a  certain  quantity  of  air  and  gas,  the 
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character  of  these  phenomena,  the  strength  of  the  explosion,  and 
speed  of  propagation  of  the  heat  through  the  gas,  are  of  the  utmost 
importance.  For  manj  years  they  have  engaged  the  attention  of 
scientific  men.  By  careful  study  and  observation,  a  sufficient 
number  of  exact  experimental  facts  have  been  accumulated  to 
determine  approximately  the  action  of  gas  in  an  engine  cylinder. 

Definition  of  Terms. — Before  pr^seeding  to  consider  these 
phenomena,  it  will  be  well  to  define  the  different  expressions 
generally  used.  Four  terms  are  employed  to  denote  the  effects 
produced  by  heat  in  the  cylinder  of  a  gas  engine — 1,  Ignition ; 
2,  inflammation ;  3,  explosion ;  4,  combustion.  Ignition  takes 
place  when  sufficient  heat  is  communicated  by  a  flame,  electric 
spark,  or  hot  tube,  to  the  gaseous  mixture  to  fire  it.  Inflammation 
is  the  subsequent  spreading  of  the  flame  throughout  the  gas,  or  its 
propagation  from  one  particle  to  another,  till  the  whole  volume  is 
alight.  Explosion  follows  when  the  mixture  is  completely  inflamed, 
and  the  maximum  pressure  attained.  When  all  the  gas  in  a 
cylinder  is  thoroughly  alight,  the  particles  are  driven  widely  apart, 
and  thus  the  moment  of  complete  inflammation  will  also  be  that  of 
maximum  pressure.  Complete  inflammation  and  explosion  are 
thus  practically  simultaneous.  Combustion  is  complete  when  all 
the  chemical  changes  have  taken  place,  and  the  gases  have  been 
reconstituted  as  water  vapour  (HjO)  and  carbonic  acid  gas  (CO^). 
This  moment  may  not  coincide  in  point  of  time  with  explosion.  The 
chemical  recombination  of  the  gases,  and  consequently  the  evolution 
of  all  the  heat  contained,  is  almost  always  delayed  in  a  gas  engine 
until  an  appreciable  time,  or  fraction  of  a  second,  after  the  maxi- 
mum pressure  is  developed,  and  the  piston  has  begun  to  move  out, 
as  shown  by  the  indicator  diagram. 

Velocity  of  Flame  Propagation  —  Bnnsen. —  It  is  at  the 
moment  when  explosion  occurs  that  the  maximum  pressure  is 
reached,  and  probably  also  the  maximum  temperature.*  The 
importance  of  this  temperature  has  been  proved  theoretically  in 
the  preceding  chapter,  and  many  experiments  have  been  made  to 
determine  it,  because  it  marks  the  rate  of  inflammation,  or  of 
propagation  of  the  flame.  The  celebrated  chemist,  Bunsen,  was  the 
first  to  calculate  the  rate  of  flame  propagation — or  of  inflammability 
— in  a  gas.  He  confined  the  mixture  in  a  vessel  having  a  very 
small  orifice,  and  the  gas  was  ignited  as  it  passed  out.  The  mouth 
of  the  orifice  was  reduced  till  the  pressure  of  the  issuing  flame  was 
exactly  equal  to  that  of  the  gas  inside,  and  as  soon  as  the  balance 
of  pressure  was  established,  the  flame  spread  back  till  it  had  ignited 
the  gas  in  the  vessel.  The  method  of  ignition  formerly  used  in  the 
Koerting  engine  is  somewhat  similar.  The  rate  at  which  the  gas 
issued  from  the  vessel  being  known,  the  speed  of  the  flame,  as 

*Dr.  Slaby  says  that  ''combustion  is  completely  ended  after  a  fractional 
portion  of  the  stroke,  from  0'03  to  0 '06  of  a  second." — Calorimetri&che 
untenmchnnffen,  p.  161. 
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propagated  back  through  the  mixture,  was  calculated  from  it  By 
theie  means  Buiuen  determinf>d  the  velocity  of  propagation,  or  Um 
inflammability  of  a  gaaeous  flame.  With  a  mixture  of  2  volamea 
hydrogen  and  1  volume  oxygen,  he  found  it  to  be  34  metres  — 111*5 
feet  per  second  ;  with  carbonic  oxide  it  was  1  metres  3*28  feet  per 
second. 

Mallard  and  Le  Chatelier. — Later  researches  have  shown  that 
these  figures  are  not  accurate.  The  instrument  then  used  could 
not  be  wholly  relied  on,  because  the  external  air  cooled  the  flame 
as  it  issued  from  the  orifice,  and  affected  the  results.  A  series  of 
elaborate  experiments  have  been  conducted  by  MM.  Mallard  and  Le 
Chatelier  with  a  long  tube  filled  with  an  explosive  mixture,  closed  at 
one  end,  and  communicating  through  the  other  with  the  open  air. 
The  period  of  explosion,  or  the  time  occupied  by  the  flame  in  travel- 
ling  through  the  tube,  was  marked  by  revolving  drums  and  tuning 
forks,  the  latter  being  the  best  instruments  for  measuring,  by  their 
vibrations,  fractions  of  a  second.  The  drums  revolved  on  the  same 
shafts  close  to  either  end  of  the  tube,  and  a  wavy  line  was  traced 
upon  them  by  the  vibrations  of  the  tuning  forks,  set  in  motion  by 
the  explosion.  As  soon  as  the  gas  at  one  end  of  the  tube  was 
ignited,  it  moved  a  small  ))encil,  and  marked  the  drum  revolving  at 
that  end.  A  second  pencil  made  a  similar  mark  on  the  drum  at 
the  other  end,  when  the  flame  had  passed  through  the  length  of  the 
tube.  The  distance  between  the  two  marks,  measured  on  the 
vibrating  line  traced  by  the  tuning  forks,  gave  the  time  of  propaga- 
tion of  the  flame.  With  the  same  mixture  of  hydrogen  and  oxygen 
as  that  used  by  Bunsen,  Mallard  and  Le  Ohateiier  found  the 
velocity  to  be  20  metres  »  65*6  feet  per  second,  and  with  carbonic 
oxide  2*2  metres  -7*2  feet  per  second,  or  a  speed  double  that 
given  by  Bunsen. 

These  pure  explosive  mixtures  are  too  strong  to  be  used  in  a  gas 
tsngine,  as  air  is  necessary  to  dilute  the  gas,  and  the  mixture 
bea>mes  immediately  weakened  with  a  large  proportion  of  non- 
explosive  nitrogen.  MM.  Mallard  and  Le  Chatelier,  therefore, 
varied  the  strength  of  the  mixture.  With  1  vol.  hydrogen  mixture 
(i«.,  2  vols,  hydrogen  to  1  of  oxygen)  and  1  vol.  oxygen,  the  rate 
of  flame  propagation  was  10  metres  =  32*8  feet  per  second.  The 
highest  velocity  was  found  to  be  the  mixture  of  1  voL  hydrogen  to 
1  vol.  oxygen,  originally  used  by  Bunsen,  but  to  obtain  a  standard 
for  the  dilution  commonly  employed  in  a  gas  engine,  the  experi- 
menters combined  hydrogen  with  air  in  the  proportion  of  2  vols. 
hydrogen  to  5  of  air.  The  table  on  p.  269  (from  Clerk)  shows  the 
velocity  of  flame  with  hydrogen  and  various  volumes  of  air. 

In  these  exi>eriments  the  explosive  mixtures  were  at  constant 
pressure ;  the  end  of  the  tube  being  open,  the  ignited  gases  issued 
from  it  in  a  continuous  stream,  and  did  external  work  against  the 
pressure  of  the  atmosphere.  When  both  ends  of  the  tube  were 
closed,   and   the   mixture   was   ignited   at   constant   volume,  the 
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velocity  with  which  the  flame  was  propagated  was  verj  much 
greater.  A  speed  of  1000  metres  «  3280  feet  per  second,  instead  of 
20  metres,  was  verified  with  hydrogen  explosive  mixture  (2  vols. 
H  and  1  vol.  O).  When  the  hydrogen  was  diluted  with  air,  the 
speed  was  300  metres  =  984  feet  per  second.  This  great  difference 
in  the  rate  of  flame  propagation  is  attributed  by  MM.  Mallard  and 
Ije  Chatelier  to  inflammation  taking  place,  not  only  by  the  projec- 
tion of  the  flame  from  one  particle  to  another,  but  by  the  expansion 
of  the  particles  through  the  heat  generated.  As  they  ignite,  they 
rise  in  temperature  and  pressure,  and  the  propagation  of  the  flame 
is  thus  assisted.  When  the  mouth  of  the  tube  is  closed,  and  the 
particles  cannot  expand  freely  into  the  atmosphere,  the  ignited 
portions  of  the  gas  are  forcibly  projected  into  the  parts  not  yet 
kindled.  These  experiments  prove  the  greatly  increased  velocitv 
of  flame  propagation  when  the  volume  of  the  gases  is  constant,  and, 
therefore,  the  value  of  ignition  at  the  dead  point  in  a  gas  engine. 
The  maximum  explosive  pressure  is  higher  and  more  rapidly 
obtained,  when  the  piston  is  stationary,  than  when  in  motion. 


Tablb  of  Velocitt  IK  Diluted  Mixtubis  {MaUard  and  lA  Chatelier). 


Vdootty 

Velocity 

parbMond. 

per  Second. 

Mixtnre  of  1  voL  hydrogen  and  4  toU.  air 

2  metres. 

6-6  feet 

)>            ff             ff            )f    **        If 

2-8    ,. 

91    „ 

ff            tf              ff            fi    2J      „ 

34     „. 

111    „ 

99                       fl                           ff                       ff       Jf           ff 

41     f, 

13-4    „ 

ff                   ff                      »9                   ft      if          f» 

4-4    „  max. 

14-4    ft  max. 

1 
»f                   f»                      ff                    ff      *             ff 

8-8    „ 

12-4    „ 

ft                    If                       If                   If         1          ff 

2-3    „ 

7-6    „ 

Berthelot  and  Vieille. — A  series  of  valuable  experiments  were 
also  carried  out  by  MM.  Berthelot  and  Vieille,  to  determine  the 
rate  of  flame  propagation  (or  of  complete  combustion,  since  in  this 
case  the  two  terms  are  synonymous)  of  gases  at  constant  volume  in 
a  closed  vessel.  The  time  of  explosion  was  determined  in  receivers 
of  three  difierent  capacities — namely,  300,  1500,  and  4000  cubic 
centimetres.  Two  of  the  vessels  were  cylindrical  and  the  third 
spherical,  and  each  was  fitted  with  a  registering  piston.  At  either 
end  they  terminated  in  a  short  tube ;  at  the  further  end  of  one  an 
electric  spark  was  produced  for  firing  the  mixture,  the  other  con- 
tained the  piston.  The  lengths  of  the  igniting  tube,  the  cylinder, 
and  the  tube  containing  the  piston  being  known,  the  time  occupied 
by  the  flame  in  passing  through  the  gas,  from  the  point  of  ignition 
till  the  explosion  reached  aud  forced  up  the  piston,  could  be 
calculated.  The  experiments  were  made  with  a  variety  of  chemical 
compounds,  such  as  bioxide  of  nitrogen,  cyanogen,  and  compounds 
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of  hydrogen,  oxygen,  carbon,  and  nitrogen.  The  larger  the  capacity 
of  the  vessel  or  receiver,  the  longer  time  was  found  to  elapse,  with 
every  mixture,  between  the  ignition  of  the  gas,  and  the  attainment 
of  maximum  pressure.  This  agrees  with  Gay-Lussac's  law,  since 
the  smaller  the  vessel  and  the  volume  of  the  gas,  the  greater  will 
be  the  increase  in  pressure  produced  by  the  high  temperature  of 
ignition.  The  effect  of  the  composition  of  the  mixture,  and  of  the 
more  or  less  perfect  combustion  obtained  by  adding  oxygen  in  exact 
proportion  or  in  excess,  were  also  noted. 

But  one  of  the  most  important  practical  results  of  these  experi- 
ments, with  regard  to  the  phenomena  in  a  gas  engine,  was  obtained 
with  the  products  of  combustion.  By  using  a  mixture  of  the 
ohemical  elements  contained  in  these  products,  and  observing  the 
time  occupied  by  the  projection  of  the  flame,  MM.  Berthelot  and 
Yieille  proved  that  the  rate  of  flame  propagation  in  such  compounds 
was  slower  than  with  pure  mixtures,  representing  the  fresh  charge 
of  gas  and  air  in  a  cylinder.  Dilution  with  the  exhaust  products, 
therefore,  whether  advantageous  or  not,  must  retard  the  rate  of 
combustion,  because  these  products  contain  an  excess  of  some  of  the 
gases.  With  gases  not  perfectly  combined,  and  where  combustion 
is  incomplete,  the  rate  of  flame  propagation  was  found  to  be  moat 
rapid,  perhaps  because  partial  dissociation  takes  place,  and  retards 
total  combustion.  MM.  Berthelot. and  Yieille  are  of  opinion  that, 
by  the  ignition  of  the  gas  and  the  high  temperature  produced  in  the 
closed  vessel,  what  they  term  an  '*  explosive  wave  "  is  formed,  the 
velocity  of  which  is  greatly  in  excess  of  the  ordinary  velocity  of 
flame  propagation.  They  call  it  the  rate  of  detonation.  The 
explosive  wave  is  generated  by  the  shock  of  igniting  a  large  portion 
of  the  inflammable  gas  at  once ;  the  flame  is  propagated  with  a 
velocity  due  to  the  shock,  almost  as  great  as  the  velocity  of  com- 
bustion. For  hydrogen  the  velocity  of  this  explosive  wave  is  2810 
metres  «  9216  feet  per  second  ;  for  carbonic  oxide  it  is  1689  metres 
B  5539  feet  per  second. 

Regarding  the  time  of  attainment  of  maximum  pressure  during 
explosion  at  constant  volume,  they  say  : — **  The  variations  in  this 
time  are  very  important.  The  maximum  pressure  observed  in  a 
vessel  of  any  given  capacity  is  always  less  than  the  pressure  which 
would  be  developed,  if  the  system  retained  all  the  heat  due  to 
chemical  reaction,  for  there  is  always  a  certain  loss  from  contact 
with  the  walls  and  radiation.  The  smaller  the  quantity  of  gas  in 
proportion  to  the  vessel  containing  it,  and  the  more  slowly  com- 
bustion takes  place,  the  greater  is  this  difference.  The  time 
occupied  by  combustion  varies  much  ;  it  corresponds  to  the  different 
conditions  developed  at  the  beginning  of  the  phenomena,  and  is 
intermediate  between  the  velocity  of  the  ex-plosive  wave,  and  the 
ordinary  velocity  of  flame  propagation  of  any  given  gas." 

Witz. — Valuable  as  these  theoretical  determinations  are  in  study- 
ing the  theory  of  combustion,  practical  experiments  are  needed  to 
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calcalate  the  actual  result  of  generating  heat  in  a  gas,  by  combustion 
in  an  engine  cylinder.  With  this  object,  Professor  Witz  undertook 
a  number  of  valuable  experiments  to  illustrate  the  action  of 
ordinary  lighting  gas,  when  mixed  with  various  proportions  of  air, 
and  ignited.  He  also  desired  to  show  the  influence  of  nitrogen  in 
afifecting  injuriously  the  true  rate  of  flame  propagation.  In  MM. 
Berthelot  and  Yieille's  experiments,  the  gas  was  always  at  constant 
volume,  and  no  expansion  was  possible.  M.  Witz  used  an  ordinary 
cylinder  and  piston,  and  the  charge  was  allowed  to  expand  freely. 
The  first  tests  were  made,  not  wiUi  lighting  gas,  which  varied  too 
much  in  composition  to  give  accurate  results,  but  with  a  mixture  of 
carbonic  oxide  and  air ;  the  calorific  value  at  given  temperatures  of 
each  chemical  element  was  previously  determined.  A  basis  being 
thus  obtained  for  exact  computation,  lighting  gas  was  used  for  the 
rest  of  the  trials,  and  the  differences  in  chemical  composition 
neglected.  Professor  Witz  attached  a  tuning  fork  to  the  indicator 
diagram,  in  order  to  measure,  not  only  the  pressure  developed  by 
the  explosion,  but  the  fractions  of  a  second  before  the  maximum 
pressure  was  attained  Taking  the  ratio  of  this  time  to  the 
length  of  stroke  of  the  piston,  he  reckoned  the  speed  of  expansion 
thus — 

Length  of  stroke  in  feet  ,    .  .      .    «    ^  « 

vr: — ^.       J i — : — : j-=  speed  of  ezponBion  m  feet  per  second. 

Duration  of  explosion  m  seconds       '^  '^ 

Calculating  the  work  done  from  the  area  of  the  diagrams,  and 
its  ratio  to  the  theoretical  work  obtained  from'  the  number  of 
c  dories  in  a  given  volume  of  gas  and  air,  Professor  Witz  found 
that  the  percentage  of  work  actually  done  increased  in  proportion 
to  the  speed  of  expansion.  Some  of  the  results  of  his  able  experi- 
ments made  with  lighting  gas  mixed  with  varying  proportions  of 
air,  are  summed  up  in  the  table  on  p.  272. 

In  both  these  series  of  experiments  the  volume  of  the  charge 
was  the  same — ^namely,  2*081  litres  =  0-73  cubic  foot.  The 
richness  of  the  mixture,  the  length  of  stroke,  and  the  duration  of 
the  explosion  varied.  Fig.  107  shows  a  diagram  of  the  expansion, 
with  the  vibrations  below  of  the  tuning  fork  used  as  a  measure  of 
time.  Each  vibration  corresponds  to  y^  of  a  second.  The 
diagram  gives  the  pressures  and  volumes,  the  lower  waves  mark 
the  time  occupied  in  expansion.  The  atmospheric  line,*  Ha;,  shows 
that  expansion  was  continued  to  below  atmospheric  pressure. 
From  these  and  many  similar  experiments,  Professor  Witz  has 
formulated  the  two  following  laws  concerning  the  expansion  of 
gases:— 

L  The  utilisation  of  the  heat  supplied  to  the  engine  increases 
with  the  speed  of  expansion. 

IL  The  greater  the  speed  of  expansion,  the  more  rapid  will  be 
the  combustion  of  the  explosive  mixtures. 
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MiXTUKB  or  1  VoLUMX  Gas  to  9*4  Volumbs  An. 
[Vol.  of  miztnre,  9*081  litres.] 
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[1  Litre  »  61*0*25  cnb.  ins.] 

MlZTVEB  OF  1   VcLTTMS  GaS  TO  6*33  VOL0Mtt  AXB. 

[Vol  of  mixture,  2*061  litres.] 
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This  speed  of  expansion,  which  the  above  table  shows  to  have  so 
important  an  effect  on  the  proportion  of  actual  to  theoretical  work. 

Professor  Witc  considers 
to  be  only  the  expression 
under  another  form  of  the 
great  influence  of  the  walls, 
and  their  cooling  action 
upon  the  hot  gases.  "  The 
maximum  explosive  pres- 
sure," he  says,  **  depends 
on  the  ratio  of  the  cooling 
surface  of  the  reoeiver  (or 
cylinder)  to  the  volume  of 
the  gas."  In  his  opinion, 
nearly  all  the  differences 
between  the  action  of  the 
gases,  in  theory  and  in 
practice,  in  the  cylinder  of  an  engine,  which  have  hitherto  been 
so  difficult  to  account  for,  may  be  attributed  to  the  effect  of  the 
walls. 

*  One  kilogrammetre  is  one  kilogramme  x  one  metre  =  2*20  lbs.  x  3*28  ft. 
or  7*2  ft. -lbs.  of  work  done  per  eeoond  (see  p.  224). 


Fig.  107.— Wits  Time  Diagram. 


BZPLOBION   IN  A  GAS  BNOIHl  OTLIHDBB.  278 

Clerk. — Mr.  Dugald  Clerk  was  led  by  his  experiments  to  almost 
the  same  conclusions  as  Professor  Witie,  though  he  approached  the 
subject  from  another  point  of  Tiew.  He  considered  that,  to 
nnderstand  the  action  of  gas  in  a  cylinder,  it  was  necessary  to 
determine  not  only  its  rate  of  explosion,  that  is,  the  time  required 
to  attain  maximum  pressure,  but  also  the  duration  of  this  pressure. 
It  is  the  force  of  the  explosion  which  produces  effective  pressure 
on  a  piston.  It  seems  therefore  as  if  the  stronger  the  mixture 
employed  within  working  limits  the  more  useful  will  be  the  effect; 
bat  experiments  have  shown  this  view  to  be  erroneous.  The 
greater  amount  of  work  is  obtained,  not  from  the  most  explosive 
mixture,  but  from  that  giving  the  maximum  pressure  in  propor- 
tion to  the  surfaces,  and  maintaining  that  pressure  during  the 
longest  period  of  the  stroke.  Since  radiation  cannot  be  prevented, 
the  higher  the  explosive  pressure  and  temperature  generated,  the 
more  rapidly  will  the  heat  be  carried  off  by  the  walls  of  the  cylinder, 
and  the  pressure  correspondingly  reduced.  This  is  one  reason  for 
the  difference  between  theory  and  practice  in  an  engine  cylinder. 
Theoretically  the  highest  explosive  pressures  are  the  best ;  but  in 
practical  working  they  are  not  found  the  most  effective  for  power. 

Mr.  Clerk's  experiments  were  made  with  a  small  cylinder 
without  a  piston,  filled  with  different  explosive  mixtures,  to  which 
an  indicator  was  connected.  The  indicator  drum  and  paper  were 
made  to  revolve  so  that  each  tenth  of  a  revolution  occupied  0*033 
secoud.  The  pressure  of  the  explosive  gases  forced  up  the  indicator 
pencil,  causing  it  to  trace  different  curves  on  the  moving  drum. 
By  dividing  the  area  of  the  drum  into  sections,  the  time  occupied 
by  the  explosion,  and  cooling  or  reduction  of  pressure  of  the  gases, 
could  be  estimated  within  y^  of  a  second.  On  this  diagram  the 
ordinates  represented  pressures,  as  usual,  and  the  abscissae  the 
time  of  explosion  in  fractions  of  a  second.  The  conditions  under 
which  gases  explode  in  the  cylinder  of  an  engine  were  reproduced 
in  all  but  two  respects.  Under  ordinary  circumstances  the  piston 
in  a  gas  engine  uncovers  during  the  stroke  fresh  portions  of  the 
cooler  walls  to  the  hot  gases,  and  the  explosive  pressure  is  rapidly 
lowered.  Here  the  maximum  explosive  pressure  was  developed  in 
a  closed  vessel,  and,  therefore,  at  constant  volume;  and  the 
cylinder  having  no  piston,  no  heat  was  expended  in  doing  work. 
The  conditions  were  similar  to  those  of  an  engine  before  the  piston 
has  moved. 

Mr.  Clerk  gives  several  diagrams  showing  that  the  pressures 
of  the  gases  fell  much  more  slowly  than  they  rose.  The  maximum 
pressure  was  produced  in  0  026  second  after  ignition ;  the  fall  to 
atmospheric  pressure  and  temperature  occupied  1*5  second,  or 
nearly  sixty  times  as  long.  Without  previous  compression  of  the 
gases,  the  highest  pressure  obtainable  with  a  dilution  of  1  part  gas 
to  5  parts  air  (that  is,  the  mixture  containing  just  enough  oxygen 
to  produce  combustion  of  the  gas)  was  only  96  lbs.  per  square 
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inch.  With  oompression  and  a  much  weaker  mixture,  this  preasore 
was  nearly  doubled.  Mr.  Olerk  proved  that  the  **  critical  mixture," 
or  the  weakest  dilution  of  gas  and  air  that  will  ignite,  varied 
according  to  the  quality  of  the  gas  used.  With  Oldham  gas  s 
charge  of  1  part  gas  to  16  of  air  ignited,  and  the  pressure  produced 
was  40  lbs.  per  square  inch  above  atmosphere.  With  Glasgow 
gas  the  critical  mixture  was  14  of  air  to  1  of  gas,  and  the  pressure 
produced  was  52  lbs.  per  square  inch. 

To  determine  the  best  and  most  serviceable  mixture  for  use  in 
a  non-compressing  gas  engine,  the  following  calculations  were  made. 
Mr.  Clerk  supposed  1  cubic  inch  of  gas  to  be  diluted  with  air  in 
the  ratio  of  13,  11,  9,  7,  and  6  cubic  inches,  and  these  mixtures 
to  be  admitted  into  cylinders  having  pistons,  the  areas  of  which 
per  square  inch  were  in  proportion  to  the  strength  of  the  dilution. 
Thus  the  charge  of  14  cubic  inches — ^viz.,  1  volume  gas  to  13 
volumes  air — would  be  admitted  into  the  cylinder  having  a  piston 
sur£soe  of  14  square  inches.  The  mixture  of  6  cubic  inches  would 
be  contained  in  the  cylinder  having  a  square  piston  area  of  6 
inches,  and  the  depth  of  the  mixture  in  the  cylinder  would  always 
be  1  inch.  The  maximum  pressure  of  these  mixtures  he  had 
already  determined,  as  well  as  their  time  of  explosion,  by  the 
instrument  mentioned,  as  shown  in  the  following  table: — 

ExpvBiMBiin  BT  Ma.  Clkrx  on  Explosion  at  Constant  Volums  in  a 
Closed  Vissil  wixhout  Piston.  Mixtubib  or  Aia  and  Glasgow 
Coal  Gas. 


MixtOTM  QMd. 


volume  pint  1.3  yolumee, 

ff  »9  '  ft 

M  9>  O  „ 


HMdnnnD  ProMon 

ftbove  Atmoiphare  in 

llw.  p«r  iQ.  ineh. 


62  lbs. 

63  „ 
69    „ 

89    „ 
96    „ 


TlBM  of  Ezploiioo, 

or  time  elapsinc  between 

Xsaition  and  MaTlmnin 

Preeaure. 


0-28  second. 
018       „ 
013       „ 
007       „ 
005       „ 


Temperatme  before  explosion,  18*  C.  =  291^  Abe. 
ezplosioD,  atmospheric. 


Preesnre  before 


Bj  these  and  other  experiments  Mr  Clerk  found  that  the  highest 
pressures,  giving  respectivelj  756  lbs.  and  728  lbs.  upon  the  total 
piston  area,  were  obtained  with  a  dilution  of  11  and  13  volumes  of 
air  to  1  of  gas.  The  stronger  mixtures  gave  lower  pressures,  because, 
being  contained  in  smaller  ojlinders,  the  pressure,  to  a  uniform  depth 
of  1  inch,  was  exerted  over  a  smaJler  piston  surfaca  The  rate  of 
oooUng,  or  of  fall  in  pressure,  was  calculated  in  the  same  way. 
Taking  one-fifth  of  a  second  as  the  mean  time  occupied  by  the  piston 
in  making  its  forward  stroke,  the  pressure  of  each  gas  when  that 
time  had  elapsed,  after  the  attainment  of  maximum  pressure,  was 
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computed  from  the  indicator  diagram.  Multiplying  this  pressure  bj 
the  piston  area,  it  was  found  that  the  weakest  mixtures  gave  the 
highest  relative  pressure  at  this  point  in  the  stroke,  showing  that 
these  weak  mixtures  maintained  their  pressure  longest.  The  follow- 
ing table  exhibits  the  results  for  five  different  dilutions : — 

ExrumuKTS  by  Mr.  Cisrx  on  Mixtitxxs  or  Air  Aim  Qlasoow  Gas 
▲T  ConsTAiTT  VoLVMR  {with  iome  Apparalua). 


MtaEtnn. 

PreHiirepro- 

daoedon 

iHstonbyl 

eab.lii.gM. 

PrMturein 
Ibi.  per  sq. 

■eoondaftw 

]IUX.pMtB. 

pTMsnre 

renutlning 

upon  piston 

area  01(0  iee. 

after  max. 

preMure. 

PrMtiue. 

1  voL  gas  plu 

*  »»          >» 

*  9f                 19 

*  t>                  >» 
*■            91                   99 

13  vols,  air 

'I       " 
7        " 

O               99 

728  lbs. 
766    „ 
690    „ 
712    „ 
576    „ 

43  lbs. 

46  „ 

47  „ 

57    „ 

602  lbs. 
576    „ 
470    „ 
440    „ 
342    „ 

665  lbs. 

666  „ 
580    ,. 
676    ., 
459    „ 

Mr  Clerk  also  made  experiments  with  pure  hydrogen  diluted  with 
«ir,  but  found  the  pressures  much  lower  than  with  gas.  The  best 
mixture,  1  volume  hydrogen  to  5  volumes  air,  gave  a  mean  pressure 
of  only  267  lbs.  upon  a  piston  of  proportionate  area,  one-fifth  of  a 
second  after  explosion.  For  further  details  of  these  interesting 
•experiments,  the  student  is  referred  to  Mr.  Clerk's  excellent  book 
Tlie  Gas  Engine,  pp.  95  to  104,  fifth  edition. 

Boston  EzperimentB. — Trials  were  also  carried  out  in  1898  at 
the  Engineering  Laboratory  of  the  Massachusetts  Technological 
Institute,  Boston,  and  were  reported  in  the  Technological  Quarterly 
papers.  One  object  of  these  tests  was  to  determine  the  interesting 
question  of  the  interval  of  time  in  tenths  of  a  second  elapsing 
between  ignition  and  the  attainment  of  maximum  pressure,  and 
also  the  pressure  at  each  twelfth  of  a  second  of  explosive  mixtures 
of  lighting  gas  and  air  in  various  proportions.  These  pressures 
were  shown  on  indicator  diagrams,  while  a  marker  attached  to  a 
tuning  fork  traced  simultaneously  a  time  wave  line  of  vibrations 
equal  to  one-sixtieth  of  a  second.  The  explosions  took  place  in  a 
cast-iron  cylindrical  vessel  without  a  piston,  of  310  cubic  inches 
volume.  Connected  to  it  was  a  mercurial  gauge  for  recording  the 
pressure  of  the  mixture  in  the  cylinder,  an  air  and  a  vacuum  pump, 
and  two  electric  batteries,  one  for  firing  the  charge,  the  other  for 
keeping  the  tuning  fork  in  vibration.  The  pressure-recording 
apparatus  consisted  of  an  indicator  paper  fixed  on  a  flat  circular 
revolving  disc  driven  round  at  a  uniform  speed,  and  of  a  tuning 
fork  which,  by  a  special  arrangement,  traced  a  succession  of  con- 
tiguous and  not  superimposed  lines  on  the  paper.  Thus  the  time 
and  pressure  lines  were  recorded  on  paper  simultaneously,  each 
vibration  of  the  fork  corresponding  to  one-sixtieth  of  a  second.    The 
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atmospheric  line  was  a  circle,  and  the  circular  diagrams  of  pressure 
were  traced  by  a  metallic  point  on  the  indicator  paper,  with  which 
the  point  was  kept  in  contact  for  abont  two  seconds.  Only  the 
pressures  obtained  during  the  first  fifth  of  a  second  were  studied,  as 
in  that  time  an  ordinary  gas  engine  has  completed  its  stroke. 

To  determine  the  pressure  of  a  given  mixture  of  gas  and  air,  the 
cylinder  was  first  cleansed  of  the  products  of  a  former  charge,  by 
forcing  air  through  it  from  the  air  pump.  It  was  then  closed,  con- 
nection opened  only  with  the  vacuum  pump,  snd  the  air  was 
exhausted  to  about  one-sixth  of  an  atmosphere.  In  this  way  one- 
sixth  of  the  original  volume  of  air  in  the  cylinder  was  removed,  and 
a  partial  vaccum  formed,  giving  a  pressure  of  5  inches  of  mercury  at 
the  gauge.  Gas  was  then  admitted  to  the  cylinder  to  fill  up  this 
vacuum,  and  raise  the  pressure  to  atmospheric,  thus  producing  a 
mixture  of  1  part  of  gas  to  5  of  air.  All  connections  were  then 
closed,  the  charge  fired  electrically,  the  tuning  fork  set  in  vibration, 
and  diagrams  of  pressure  obtained.  The  proportion  of  gas  to  air 
could  be  varied  by  the  vacuum  in  the  pump,  in  the  same  way  as 
already  described. 

In  Uie  original  paper  the  results  obtained  for  mixtures  of  from  Z 
to  14  parts  by  volume  of  air  to  1  of  gas  are  given  in  a  table.  Dur- 
ing one  second  the  moment  of  explosion  and  of  attainment  of  maxi- 
mum pressure,  and  mean  pressure  for  each  twelfth  of  a  second,  were 
recorded.  The  pressures  were  also  noted  for  each  sixtieth  of  a  second, 
daring  the  instant  elapsing  between  the  commencement  of  explosion 
and  the  maximum  pressure.  The  latter,  and  the  time  required  to 
attain  it,  are  tabulated,  and  also  the  mean  and  final  pressures  for  the 
first  fifth  of  a  second  of  the  stroke,  and  for  the  fifth  of  a  second  after 
maximum  pressure.  The  mean  and  final  pressures  divided  by  the 
proportion  of  gas  to  air  show  the  relative  powers  of  the  mixtures, 
and  also  their  relative  powers  to  resist  cooling.  The  highest  maxi- 
mum pressure,  96  Iba  per  square  inch,  was  obtained  with  1  part  of 
gas  to  5  of  air ;  highest  mean  pressure,  66  lbs.  per  square  inch,  with 
1  to  7  of  gas  and  air,  and  this  mixture  also  gave  almost  the  highest 
relative  power,  and  the  highest  mean  pressure  in  the  second  period. 
A  mixture  of  1  to  11  of  gas  and  air  gave  the  highest  mean  pres- 
sure in  proportion  to  the  gas  used,  during  the  fifth  of  a  second  after 
maximum  explosion,  and  also  the  maximum  final  pressure,  or  re- 
sistance to  cooling.  The  highest  mean  pressure  in  proportion  to 
the  gas  burnt,  530  lbs.  per  square  inch,  was  produced  with  a  mix- 
ture of  1  of  gas  to  9  of  air. 

ExperimentB  on  Produots  of  Combustion — Qroyer. — An 
interesting  series,  of  experiments  were  carried  out  at  Yorkshire 
Oollege,  Leeds,  in  1895,  by  Mr.  Grover,*  upon  the  pressures 
obtained  with  explosive  mixtures  of  coal  gas  and  air,  when  diluted 

*  See  his  paper  on  "The  Efieots  of  the  Products  of  Oombastion  upon 
Explosive  Mixtures  of  Goal  Gas  and  Air,"  reprinted  from  The  Praettcal 
Engmeer,  1896. 


PBXS8URE8  IH   A  QA8  BHOINB  CYLINDER.  277 

with  the  products  of  former  combustion.  These  tests  seem  to 
prove  that  with  a  certain  proportion  of  fresh  air  admitted,  the 
products  raise  instead  of  lowering  the  maximum  pressure.  The 
apparatus  used  was  a  closed  vertical  cast-iron  cylinder  without 
piston,  of  constant  volume,  and  1  cubic  foot  capacity.  A  charge  was 
fired  electrically,  the  temperatures  were  taken  by  a  thermometer, 
and  the  pressures  recorded  by  a  Crosby  indicator  with  continuously 
revolving  drum,  driven  by  clock  work.  The  time  was  markea 
by  a  vibrating  spring  producing  a  wave  every  eighth  of  a  second. 
A  certain  proportion  of  the  previous  charge  being  retained,  half 
the  volume  of  air  required  for  dilution  was  then  introduced,  next 
the  charge  of  gas,  and,  lastly,  the  remainder  of  the  air.  The 
author  considers  that»  in  a  gas  engine  cylinder,  the  gas  and  air 
are  more  perfectly  mixed  with  each  other  than  with  the  residual 
charge.  With  58  per  cent,  by  volume  of  the  products  left  in  the 
cylinder,  he  found  that  the  limit  of  inflammability  was  reached, 
and  no  ignition  could  be  obtained.  Be  was  also  of  opinion  that 
it  is  the  ratio  of  air  to  gas  alone  which  determines  the  force  of 
the  explosion,  and  he  confirmed  Mr.  Clerk's  experiments  that 
when  this  ratio  is  less  than  5*7  the  charge  will  not  ignite. 

The  pressures  recorded  were  lower  than  those  obtained  by  Mr. 
Clerk,  and  accounted  for  only  41*5  per  cent,  of  the  total  heat^ 
but  this  is  attributed  to  the  water  present  in  the  cylinder,  which 
took  up  heat  by  its  evaporation.  The  different  data  obtained 
are  carefully  plotted  in  curves  and  diagrams,  and  from  them  the 
author  deduces  the  following  important  conclusions: — That  the 
highest  pressures  are  obtained  when  the  volume  of  fresh  air 
admitted  is  only  a  little  more  than  that  required  for  complete 
combustion;  that  this  proportion  should  never  be  more  than  5^ 
times  that  of  the  gas,  but  if  this  ratio  is  preserved  the  charge  may 
be  diluted  up  to  58  per  cent,  with  the  products  of  combustion  j 
that  the  latter  should  always  take  the  place  of  an  excess  of  air, 
not  of  the  air  required  for  diluting  the  gas ;  and  when  ihej  thus 
replace  an  excess  of  air  the  time  of  explosion  is  much  reduced. 

Haber. — Other  experiments  contributing  to  throw  light  on  this 
point  were  undertaken  by  Kerr  Haber  in  1895.  He  started  with 
the  assumption  that  with  a  mixture  containing  one  part  of  gas  to 
six  of  air,  1*8  per  cent,  of  methane  found  in  the  exhaust  showed 
that  30  per  cent,  of  the  methane  passed  unconsumed  through  the 
cylinder,  with  15  per  cent,  resultiog  loss  of  heat.  To  test  this 
theory  he  experimented  on  two  Deutz  engines,  one  with  a  slide 
valve  and  governed  on  the  "hit-and-miss''  principle,  the  other 
having  lift  valves  and  a  cam  with  steps,  giving  graduated  admission 
of  gas.  Samples  of  the  gases  were  drawn  off  about  2^  feet 
behind  the  exhaust  valve,  and  the  proportions  of  CO,  H,  and 
OH.  they  contained  were  determined.  When  the  engine  ran  at 
half  load,  with  the  admission  valve  half  open — ^that  is,  with  small 
chargeB  but   no  misses — the  volumetric  percentage  of  the  three 


378  0A8  ■HGINI8. 

gases  in  the  exhanst  was  about  equal.  At  full  load,  with  the 
admission  valve  quite  open,  there  were  only  traces  of  these  gases 
in  the  residuum.  Care  was  taken  to  show  that  their  presence  at 
half  load  was  not  due  to  missed  explosions  nor  to  accident,  each 
admission  and  ignition  being  electrically  registered.  When,  instead 
of  diminishing  the  quantity  of  the  chai^,  the  engine  was  purposely 
run  either  with  a  full  load,  or  no  load,  it  was  found  that  the  first 
charge,  after  several  missed  explosions,  did  not  ignite.  The  slide 
valve  engine  also  gave  only  traces  of  combustible  residuum  at  full 
load.  When  this  engine  was  run  twice  empty,  then  twice  with  a 
full  charge,  the  same  proportion  of  CO,  H,  and  CH^  were  found  as 
in  the  other.  The  indicator  diagrams  showed  that  the  first 
explosion  alter  the  two  misses  gave  a  much  flatter  diagram  than  the 
second,  which  yielded  the  same  diagram  as  the  lifb  valve  engine. 
There  \b  certainly  a  connection  between  this  flattened  line  of  com- 
bustion and  weaker  explosion,  and  the  appearance  of  the  combustible 
gases  in  the  residuum.  The  loss  of  heat,  calculated  from  the 
quantity  and  chemical  composition  of  the  combustible  gases  in  the 
exhaust,  is  5  per  cent,  to  6  per  cent.,  with  one-third  of  the  full  load 
on  the  brake.  Results  which  appear  to  vitiate  these  conclusions 
are  probably  due  to  the  presence  of  a  little-  lubricating  oil  in  the 
exhaust.  Experiments  showed,  from  the  analysis  of  the  gases,  that 
the  lubricating  oil  does  not  bum  with  the  charge  to  any  appreciable 
extent. 

Bnrstall  on  Measurement  of  Temperatures. — Experiments 
were  also  made  in  1895  at  King's  College,  London,  by  Mr.  F.  W. 
Burstall,  on  the  measurement  of  the  temperature  in  the  cylinder  of 
a  gas  engine  during  the  explosion  stroke.  It  had  previously  been 
found  impossible  to  determine  these  very  high  temperatures,  owing 
to  their  rapid  variations,  and  the  high  pressures  developed.  After 
many  trials  Mr.  Burstall  succeeded  by  means  of  a  modified  form  of 
Callendar's  electrical  thermometer,  consisting  of  a  naked  platinum 
wire,  0'0025  inch  diameter  and  }  inch  in  length.  A  small  thermal 
capacity  was  essential,  as  during  one  stroke,  occupying  less  than 
one  quarter  of  a  second,  the  temperature  varies  500   C. 

The  wire  was  introduced  into  the  cylinder  by  means  of  a  steel 
tube,  through  which  leads  passed  to  the  measuring  instruments. 
The  changes  of  electrical  resistance  produced  by  changes  of  tem- 
perature in  the  wire  were  measured  by  means  of  a  Wheat- 
stone  bridge  and  mirror  galvanometer.  The  thermometer  was 
calibrated  by  determining  its  resistance  in  ice,  steam,  and  sulphur 
vapour,  an  important  point.  By  special  means  the  galvanometer 
circuit  was  closed  at  any  particular  point  of  the  explosion  stroke. 
The  electrical  resistance  of  the  wire  at  that  part  having  been 
determined,  the  corresponding  temperature  was  deduced.  In  the 
original  paper  in  the  Philosophical  Magazine  for  September,  1895, 
the  temperature  results  are  plotted,  and  may  be  summarised  as 
follows : — In  a  7  H.P.  single  cylinder  Otto-Crossley  engine,  of  8} 
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inches  cylinder  diameter  and  18  inches  stroke,  working  at  120 
revolutions  and  13  explosions  per  minute,  the  temperature  in  the 
centre  of  the  clearance  space  varied  during  the  motor  stroke  from 
1200''  0.  at  10  per  cent  to  850"  0.  at  80  per  cent,  of  the  stroke. 

Oas  Engine  Besearoh  Oommittee  —  FrofMsor  Buratall's 
Tests. — These  trials  have  been  undertaken  by  a  Committee  of  the 
English  Institution  of  Mechanical  Engineers  to  determine  the  effect 
produced  on  the  economy  of  a  gas  engine  by  varying  the  speed,  deme 
of  compression,  ratio  of  gas  to  air,  and  heat  rejected  to  the  walls — 
i.0.,  lost  to  the  cooling  jacket.  Only  the  first  preliminary  Report, 
issued  in  April,  1898,  has  appeared.  It  is  hoped  that  the  experience 
gained  in  these  earlier  tests  will  be  available  to  make  the  large 
number  yet  to  follow  more  perfect.  The  Committee  consider  that 
it  is  impossible  to  estimate  the  economy  to  be  obtained  from,  say, 
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Fig.  106.  ^Experimental  Gas  Engine— Borstall's  Tests.    1898. 

increased  compression  in  internal  combustion  engines,  unless  the 
other  working  conditions  are  varied  successively,  and  only  one  at 
a  time.  In  most  of  the  experiments  hitherto  published  one  only 
of  the  set  of  conditions  has  been  altered,  all  the  others  remaining 
constant,  as,  for  instance,  in  Professor  Witz's  tests  on  the  influence 
of  speed.  Trials  of  gas  engines  are  much  needed,  in  which  a  given 
series  of  conditions  are  systematically  varied,  one  at  a  time.  In 
these  preliminary  tests  great  care  was  taken  to  obtain  trustworthy 
results,  the  accuracy  of  any  trial  being  limited  by  the  most  inac- 
curate of  the  instruments  employed. 

The  experimental  5  I.H.P.  gas  engine  built  by  Messrs.  Fielding 
A  Piatt  was  worked  at  half  power  during  the  trials,  under  vary- 
ing conditions  of  speed,  compression,  and  richness  of  the  charge. 
It  is  of  the  ordinary  four-cycle   type,  horizontal,  with  6  inches 
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cylinder  diameter,  and  12  inches  stroke,  and  is  governed  on  tlie 
<*  hit-and-miss "  principle.  To  vary  the  size  of  the  compression 
space,  a  packing  piece  called  a  *'junk  ring  "in  the  drawing  (see 
Fig.  108),  was  either  bolted  to  the  back  of  the  piston,  or  remoTed 
if  it  was  desired  to  increase  the  clearance  volume,  and  thus  vary 
the  degree  of  compression.  By  these  means  compression  of  the 
charge  from   36  to  90  lbs.  per  square  inch   was  obtained.     The 

auantity  of  gas  admitted  per  stroke,  and  thus  the  richness  of  the 
[large,  was  regulated  by  throttling,  and  the  speed  varied  from  250 
to  120  revolutions  per  minute,  by  altering  the  weights  on  the 
governor.  The  gas  was  measured  from  a  holder  of  100  cubic  feet, 
its  pressure  determined  by  a  U  gauge,  and  its  temperatare  by 
placing  the  bulb  of  a  thermometer  in  the  supply  pipe.  The  air  was 
measured  through  a  meter,  into  which  it  was  forced  by  a  blower 
driven  by  a  very  small  engine,  and  the  pressure  and  temperature 
taken  as  before.  The  heat  rejected  to  the  jacket  water  was  deter- 
mined by  taking  the  quantity  and  temperature  of  the  latter  in 
and  out.  The  exhaust  gases  were  sampled  and  analysed.  As  it 
was  found  difficult  to  get  a  true  sample  unmixed  with  air,  a  single 
bubble  of  gas  was  taken  from  the  exnaust  valve  immediately  after 
each  explosion,  by  means  of  a  small  electrical  relay.  A  contact  was 
fixed  to  the  vidve,  and  the  latter  as  it  lifted  closed  the  circuit  and 
opened  a  small  needle  valve,  which  allowed  onn  bubble  of  gas  to 
pass  to  a  receiver  containing  mercury.  The  gas  was  thus  sampled 
continuously  and  automatically.  A  Wayne  indicator,  with  a 
rotating  instead  of  a  reciprocating  piston,  was  used  in  the  trials, 
and  the  diagrams  were  traced  on  a  sheet  of  mica  coated  with  smoke. 
Both  indicator  and  spring  were  carefully  tested,  and  readings  to 
within  a  thousandth  of  an  inch  obtained.  The  engine  tested  had 
hot- tube  ignition  without  a  timing  valve.  After  unsuccessful 
attempts  to  fire  the  charge  electrically  the  tube  was  provided  with 
a  timing  valve,  but  this  method  of  ignition  was  not  considered  the 
best,  because  the  tubes  wear  out  quickly. 

Sixteen  trials  were  made  under  these  conditions.  Table  No.  2  at 
the  end  of  the  book  gives  a  summary  of  them,  arranged  in  order  of 
merit  of  thermal  efficiency  per  B.  H.  P.  The  compression  of  the  charge 
varied  from  52  to  105  lbs.  per  square  inch,  with  a  maximum  initial 

Pressure  of  118  to  286  lbs. ;  the  thermal  efficiency,  or  percentage  of 
eat  turned  into  work  on  the  brake,  to  the  heat  given  to  the 
engine,  varied  from  17  per  cent,  to  9*5  per  cent.,  the  maximum  being 
obtained  at  a  speed  of  107  revolutions  per  minute,  and  a  compres- 
sion pressure  of  103  lbs.  per  square  inch  absolute. 

These  trials  mark  only  an  initial  stage  in  that  thorough  study  of 
gas  engines,  which  is  needed  to  determine  the  best  degree  of  com- 
pression with  a  flfiven  ratio  of  air  to  gas,  and  a  uniform  speed,  on  an 
engine  of  given  size,  type,  and  power.  The  object  of  all  experiments 
should  be  to  fix  the  conditions  for  obtaining  from  any  engine  the 
maximum  of  work  on  the  brake  per  unit  of  heat  supplied  in  the  gas. 
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The  ratio  of  air  to  gas  must  vary  with  the  heating  value  of  the  gas, 
-which  difiEers  greatly  in  Tarious  towns  and  places. 

Wall  Action  in  Gkis  Engine  Cylinders. — All  these  researches 
tend  to  show  that  the  causes  of  loss  of  heat,  and  consequent  waste 
of  heat  energy,  depend  largely  upon  the  total  internal  area  of  the 
cylinder  exposed  to  the  gaseous  mixture.  The  less  this  area  for  a 
given  cylinder  volume,  the  higher  will  be  the  pressure.  Therefore 
the  more  the  action  of  the  walls  can  be  diminished  during  the 
clevelopment  of  the  heat,  the  more  certain  and  rapid  will  be  the 
explosion,  and  the  greater  the  pressure  of  the  gas.  This  result  can 
be  obtained  in  three  ways,  by  reducing — 

1.  The  time  during  which  the  wall  action  continues. 

2.  Its  intensity. 

3.  The  proportion  of  area  of  the  walls  to  the  volume  of  the  gases. 

1.  Opinions  vary  greatly  as  to  the  advantage  of  high  piston 
speeds  in  gas  engines,  but  the  tendency  of  modern  engineers  is, 
in  the  main,  to  increase  speed  within  reasonable  limits.  Beyond 
about  300  revolutions  per  minute,  M.  Richard  considers  that 
the  friction  and  heat  developed  are  too  great  to  work  an  engine 
continuously,  and  if  much  heat  is  generated  by  explosion,  a 
correspondingly  large  amount  is  discharged  at  exhaust.  Within 
certain  limits,  however,  high  speeds  are  advantageous,  because 
the  colder  walls  have  less  time  to  act  upon  the  hotter  gases,  and 
carry  off  their  heat.  The  same  arguments  show  the  value  of 
ignition  at  the  dead  point.  The  piston  having  reached  the  end 
of  its  return  stroke,  and  exhausted  some  of  its  energy  of  motion, 
does  not  move  at  the  required  velocity  until  driven  out  again. 
^Explosion  being  practically  completed  before  the  volume  of  the 
cylinder  is  enlarged  by  the  out  stroke  of  the  piston,  the  cooler 
walls  have  not  much  time  to  diminish  the  high  temperature 
of  the  gases  produced  by  explosion,  and  reduce  the  pressure 
before  it  can  act  on  the  piston.  The  rapid  expansion  so  much 
insisted  on  by  Professor  Witz  has  the  same  effect,  in  diminishing 
the  wall  action.  The  more  rapidly  the  walls  are  uncovered,  the 
less  time  is  allowed  them  to  act  on  the  gases,  and  carry  off  the 
heat.  At  the  same  time  rapid  and  complete  expansion  does  not 
always  mean  a  proportionate  utilisation  of  the  heat  supplied  to  the 
engine.  M.  Richard  shows  by  the  figures  given  in  the  Society 
of  Arts'  Trials  that  in  the  Atkinson  engine,  where  expansion  is 
greater  in  proportion  to  admission  and  compression,  the  heat 
carried  off  by  the  walls—  that  is,  during  the  expansion  stroke — is 
relatively  small,  but  more  is  discharged  to  the  exhaust  than  in 
engines  having  a  less  expansion.  If  the  two  items  of  heat  expendi- 
ture be  added  together  (see  table,  p.  265),  they  will  be  found  almost 
the  same  as  in  the  Otto  engine  tested  at  the  same  time. 

2.  To  diminish  this  great  action  of  the  walls,  and  to  equalise 
their  temperature  and  that  of  the  gases,  it  is  necessary  to  raise 
the  temperature  of  the  one,  or  lower  that  of  the  other.     To  raise 
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the  temperfttare  of  the  walls  is  impossible,  withoat  injary  to  the 
engine.  Bat  bj  diluting  the  charge  of  gas  with  air  to  liie  limit 
of  inflammability,  and  by  utilising  the  inert  gases,  the  heat  of 
explosion  may  be  diminished,  without  affecting  the  efficiency  of 
the  engina  This  diminution  of  the  maximum  temperature  is  the 
reason  of  the  comparatiyely  high  efficiency  obtainMi  in  practice, 
with  engines  having  combustion  at  constant  pressure.  As  there 
is  no  very  sndden  rise  in  temperature,  less  heat  is  carried  off  by 
the  walls,  and  more  remains  to  do  work  on  the  piston.  Professor 
Meyer  considers  that  the  maximum  temperatures  do  not  play  so  im- 
portant a  part  in  a  gas  engine  cycle  as  might  be  supposed,  because 
they  are  always  high  enough  to  admit  of  a  much  higher  efficiency 
than  can  at  present  be  obtained.  Our  endeavour  should  be  to 
reduce  the  minimum  temperatures  of  the  cycle  as  much  as  possible. 
With  this  object  high  pressures  are  necessary,  and  therefore  it  is 
the  limits  of  pressure  which  are  of  the  greatest  importance. 

3.  The  third  is  perhaps  the  greatest  source  of  waste  of  heat  in 
an  engine  cylinder.  The  most  effectual  method  of  diminishing 
the  wall  action  is  by  previous  compression  of  the  charge.  In 
M.  Richard's  opinion,  it  is  only  by  this  means  that  the  losses  of 
heat  can  be  sensibly  reduced,  because  compression  diminishes  the 
volume  of  the  gases  exposed  to  the  cooling  influences  of  the  walls. 
Other  conditiens  being  equal,  the  larger  the  cylinder,  the  smaller 
will  be  the  loss  to  the  walls,  because  the  smaller  their  area 
relative  to  the  volume  of  the  gases.  As  a  result,  less  heat  will  be 
lost  per  cubic  foot  of  gas  to  the  walls  and  water  jacket.  M. 
Lencauchez  also  considers  compression  very  necessary  to  the 
efficiency  of  a  gas  engine. 

Meyer  on  Compression. — In  considering  the  losses  of  heat  in 
an  actual  as  compared  with  an  ideal  engine,  Professor  Meyer 
attributes  the  variations  in  the  diagram  of  pressures,  and  thus 
in  the  area  of  work  shown  in  an  Otto  engine,  to  the  degree  of 
compression,  the  chemical  composition  and  heating  value  of  the 
combustible,  and  the  proportion  in  which  the  latter  is  mixed  with 
air  and  with  the  products  of  combustion.*  He  calculates  the 
losses  of  heat  and  energy  during  a  cycle  from  an  indicator,  in 
preference  to  an  entropy  diagram,  the  former  being  more  £Eumliar 
to  the  average  engineer.     These  losses  he  gives  as  follows  : — 

(a)  Loss  of  lieat  during  admission  and  exhaust,  due  to  back 
pressure,  and  shown  as  negative  work  in  the  diagram. 

(b)  Loss  of  heat  during  admission,  with  no  diminution  in  the 
area  of  work,  but  only  a  decrease  of  temperature  at  the  beginning 
of  compression.  If  the  gas  in  an  engine  cylinder  were  a  perfect 
gas,  the  work  done  by  it  would  depend  entirely  on  the  degree  of 
compression,  and  not  on  the  initial  temperature.      But  owing  to 

*  The  whole  of  Professor  Meyer's  excellent  dissertation  on  the  exchangee  of 
heat  during  a  gas  engine  cycle,  should  be  carefully  studied  in  the  Zeitichrijt 
des  Vereinea  deutaeher  Ing&nieure,  1899,  Nos.  11,  12,  and  13. 
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the  increase  of  specific  heat,  the  amoant  of  the  charge  drawn 
in  per  stroke  and  the  work  done  diminish  slightly  with  an  increase 
in  the  initial  temperature,  compression  and  all  other  conditions 
being  the  same,  l^e  lower  this  temperature  at  the  beginning  of 
compression,  the  less  will  be  the  loss  of  heat  to  the  walls  throughout 
the  cycle. 

(e)  Loss  or  diminution  of  work  due  to  the  heat  carried  off  during 
compression. 

(d)  Loss  of  work  due  to  incomplete  combustion  and  retarded 
ignition. 

(e)  Loss  of  work  during  expansion.  There  will,  howerer,  be 
an  increase  in  the  area  of  work  if  '* after  combustion''  takes 
place.  Broadly  speaking,  the  losses  of  heat  and  energy  during 
admission  and  exhaust  depend  chiefly  on  the  back  pressure,  and 
henoe  on  the  sections  of  the  admission  and  discharge  valves.  It 
is  the  losses  during  compression  and  expansion  which  constitute 
the  main  loss  during  the  cycle,  and  have  chiefly  to  be  considered. 

As  compression  has  the  greatest  influence  on  the  efficiency  of  a 
gas  engine,  Professor  Meyer  undertook  a  large  number  of  experi- 
ments at  Hanover,  to  test  the  effect  of  varying  it.  They  were 
made  on  an  8  H.P.  horizontal  Deutz-Otto  engine  driven  by  town 
gas,  and  having  a  cylinder  diameter  of  7*8  inches,  stroke  11*8 
inches.  Normal  number  of  revolutions,  220  per  minute.  The 
engine  was  of  the  ordinary  type,  except  that  the  piston  worked 
between  guides,  having  a  special  crosshead  arrangement,  so  that 
the  volume  of  the  compression  space  could  be  varied  by  varying 
the  length  of  the  connecting-rod.  In  order  to  reduce  the  com- 
pression space  still  further,  or  to  obtain  a  higher  degree  of  com- 
pression, plates  were  fixed  to  the  end  of  the  piston.  The  charge 
was  fired  by  a  hot  tube  carefully  adjusted  to  prevent  premature  or 
retarded  ignition,  whatever  the  degree  of  compression  used.  The 
quantity  of  gas  admitted  was  regulated  by  a  sliding  cam,  acted  on 
by  the  governor  according  to  the  load  on  the  brake.  Thus  the 
influence  of  variations  in  the  composition  of  the  charge  was  tested. 
The  speed  was  varied  in  the  usual  way.  To  avoid  the  effect  of  heat 
upon  the  indicator,  the  cock  was  ingeniously  cooled  by  a  jacket 
with  circulating  water.  The  gas  and  air  were  measured  through 
meters,  the  air  being  blown  in  by  a  fan.  The  temperature  of  the 
cooling  water  was  taken  in  and  out;  that  of  the  exhaust  gases  was 
determined  by  a  Le  Ohatelier  pyrometer. 

Table  No.  3  at  the  end  of  the  book  gives  a  summary  of  twelve 
of  these  interesting  experiments,  arranged  in  order  of  merit  of 
heat  efficiency  per  B.H.P.  The  tests  have  not  been  tabulated 
in  this  way  in  the  original  paper,  but  have  been  thus  calculated 
by  the  author.  Professor  Meyer  has  not  yet  drawn  any  conclu- 
sions from  his  experiments,  but  it  will  be  seen  that  the  higher 
the  compression  of  the  charge  the  higher  the  heat  efficiency.  The 
revolutions  with  the  same  compression   were  unfortunately  not 
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kept  quite  aniform.  All  particalan  of  cubic  feet  of  gaa  per  I.H.P. 
and  per  RH.P.,  and  heating  value  of  the  gas,  are  given  in  this 
table.  The  heat  efficiency  varied  from  a  maximum  of  19^  per 
cent  to  a  minimum  of  13  per  cent  B.H.P.  In  other  words,  the 
best  resolta  show  that  of  the  heat  given  to  the  engine,  one-fifth 
was  turned  into  useful  power  at  the  end  of  the  crank  shaft  As  a 
series  these  experiments  are  very  instructive,  and  the  author  was 
fortunately  able,  when  at  Hanover,  to  see  the  engine  on  which 
they  were  made. 

Loss  of  Heat. — But  however  carefully  an  engine  may  be  designed, 
to  keep  the  temperature  and  pressure  of  the  charge  within  practical 
limits,  all  authorities  are  agreed  that  the  greater  part  of  the  heat  in 
a  gas  motor  is  lost  by  radiation  and  conduction,  or  discharged  at 
exhaust.  These  are  the  two  great  sources  of  waste.  If  the  heat 
accounts  of  the  four  engines  given  at  p.  265  be  compared,  it  will  be 
seen  that  the  jacket  water  and  the  exhaust  carried  off  between  them 
from  65  to  75  per  cent  of  the  total  heat  developed.  In  the  opinion 
of  so  competent  an  authority  as  M.  Richard  this  waste  cannot,  in 
our  present  state  of  knowledge,  be  avoided.  The  heat  economised 
from  the  one  is  usually  wasted  to  the  other.  If  the  losses  from  the 
walls  be  diminished,  the  heat  of  the  exhaust  gases  is  increased. 
Nor  is  it  possible  at  present  to  prevent  the  loss  to  the  jacket  to  any 
great  extent. 

Notwithstanding  every  effort  to  determine  the  right  mixture  of 
gas  and  air,  and  to  obtain  complete  combustion,  as  far  as  possible, 
the  actual  pressure  in  a  gas  engine  is  seldom  more  than  about  half 
the  calculated.  As  pressure  is  always  in  strict  proportion  to  heat^ 
this  deficiency,  shown  by  the  indicator  diagrams,  proves  that  much 
of  the  heat  contained  in  the  chemical  constituents  of  the  gas,  and 
which  ought  to  be  liberated  by  their  combination  with  oxygen  dur- 
ing combustion,  is  either  carried  oS,  or  not  evolved.  If  all  the  beat 
were  developed  at  the  moment  of  explosion,  and  expended  in  doing 
work  on  the  piston,  the  curve  representing  the  expansion  of  the 
gases  would  be  adiabatic.  The  line  of  expansion  would  follow  the 
theoretical  line  of  Oarnot's  cycle,  and  exhibit  heat  neither  added  nor 
abstracted,  but  solely  employed  in  doing  work.  That  this  does  not 
take  place  in  practice  can  be  seen,  by  comparing  theoretical  with 
actual  diagrams.  The  difference  between  them  is  considerable.  The 
line  indicating  the  decrease  in  temperatures  consequent  on  expan- 
sion is  much  higher  in  the  theoretical  than  in  the  actual  diagrams. 

Variations  in  Expansion  Oiirre. — The  Otto  diagram  at  p.  260 
shows  a  peculiarity  in  the  pressures  obtained  in  the  cylinders  of  later 
compression  engines,  which  has  hitherto  not  been  satisfactorily 
explained.  The  fall  of  the  expansion  curve  in  the  theoretioil  is,  as 
we  have  said,  more  rapid  than  in  an  actual  diagram.  This  theoreti- 
cal curve  represents  exactly  the  fall  in  pressure,  and  therefore  in 
temperature,'  which  would  be  obtained,  if  the  gases  expended  their 
heat  entirely  in  doing  work.     If  the  curve  of  the  actual  diagram  is 
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flatter,  and  does  not  fall  bo  rapidly,  this  difference  shows  that  the 
pressure  does  not  in  practice  sink  so  quickly,  and  heat  is  not  parted 
with  as  speedily  as  in  theory.  The  law  of  the  mechanical  equivalent 
proves  that  the  amount  of  heat  expended  in  doing  work  does  not 
vary,  but  is  always  the  same,  in  practice  as  in  theory.  If,  there- 
fore, the  pressure  and  temperature  do  not  fall  so  rapidly  in  an  actual 
engine,  heat  is  added  in  some  way.  This  addition  of  heat  is  obtained 
either  from  within  or  from  without  Most  authorities  maintain  that  it 
is  evolved  from  the  mixture  itself  because  the  walls  of  the  cylinder, 
cooled  by  the  water  jacket,  most  always  be  at  a  lower  temperature 
than  the  gases  they  enclose,  and  cannot  convey  heat  to  them.  In 
considering  the  difference  between  inflammation  and  combustion,  it 
has  been  shown  that  the  moment  of  maximum  explosion  or  pressure 
does  not  always  agree  with  that  of  complete  com  Dustion.  The  twa 
operations  are  not  simultaneous.  The  gases  may  reach  their  maxi- 
mum pressure,  and  the  particles  be  driven  widely  apart  by  the  flame 
spreading  through  them,  before  their  perfect  combination  with  the 
oxygen  of  the  air,  and  reoonstitution  as  CO,  (carbonic  acid)  and  HgO 
(water  vapour).  This  is  the  phenomenon  which  is  now  acknow- 
ledged by  most  scientific  men  to  take  place  in  the  cylinder  of  a  gas- 
engine,  and  to  cause  the  addition  of  heat  shown  in  the  slow  fall  of 
the  expansion  curve.  The  gases  continue  to  re-combine  and  evolve 
heat  after  the  period  of  maximum  inflammation  and  pressure,  and 
while  the  piston  has  already  begun  to  move  out  by  the  force  of  the 
explosion.  This  chemical  action  is  faithfully  reproduced  in  the 
indicator  diagram. 

Eqnilibrixiin  of  Heat. — It  is  generally  admitted  that,  in  the 
cylinders  of  almost  all  direct-acting  engines,  with  explosion  at 
constant  volume,  this  *'  equilibrium  of  heat,'*  as  it  has  been  called, 
takes  place.  Heat  is  suppressed  at  the  maximum  temperature  of 
explosion,  to  be  evolved  afterwards,  during  the  expansion  stroke. 
In  many  gas  engines  the  expansion  curve  falls  rather  more  rapidly 
than  in  the  Otto  diagram  at  p.  260.  Even  then,  however,  so  much 
heat  is  carried  off  by  the  walls,  that  there  could  be  no  approxima- 
tion to  adiabatic  expansion,  unless  heat  were  in  some  way  added,  to 
counteract  the  wall  cooling  effect.  The  phenomenon  is  described  in 
Carman  by  the  expressive  term  ^'nachbrennen.''  In  English  it  is 
called  ''  slow  combustion,"  but  it  would  be  more  correct  to  term  it 
"after  combustion.''  The  fact  is  now  well  established,  but  the 
causes  of  this  "  after  combustion  "  of  the  gases  are  still  uncertain, 
and  the  following  theories  have  been  advanced  to  account  for  it. 

Stratifloation.— The  first  was  put  forward  by  Otto,  because  it 
was  in  the  diagrams  of  his  engines  that  the  effect  of  this  *'  after 
combustion"  upon  the  expansion  curve  was  first  studied.  He 
claimed  it  as  a  direct  result  of  the  stratification  of  the  charge,  one 
of  the  improvements  specified  in  his  patent  of  1876.  Instead  of 
admitting  the  gas  and  air  together  through  valves,  as  in  later 
engines,  the  admbsion  ports  of  the  Otto  were  so  arranged,  that  the 
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air  entered  first.  The  gas  vtdTe  then  slowly  opened,  and  the  air 
was  dilated  with  gas,  the  mixture  increasing  in  percentage  of  gas  as 
it  continued  to  enter  the  cylinder  until,  the  air  port  closing,  nothing 
but  gas  was  finally  admitted  The  products  of  combustion  were  not 
expelled  from  the  cylinder,  but  remained  and  combined  with  the  air 
in  front  of  the  fresh  charge,  to  form  a  sort  of  cushion  between  the 
richer  mixture  and  the  piston,  and  to  deaden  the  shock  of  the 
explosion.  Not  only  did  Otto  recognise  the  existence  of  the 
phenomenon  of  ''after  combustion,"  but  he  endeavoured  thus  to 
utilise  it.  His  theory  was  supported  by  experiments  made  on 
an  engine  at  the  Deutz-Otto  Gas-Fabrik.  A  glass  chamber  or 
prolongation  was  added  to  the  cylinder  at  the  admission  end,  and 
cigarette  smoke  was  introduced  into  it  when  the  piston  was  at  the 
inner  dead  point.  The  smoke  remained  near  the  admission  cock, 
and  only  the  back  part  of  the  cylinder  was  filled  with  it.  Trials 
were  also  made  by  Professors  Schottler,  Teichmann,  Lewicki,  and 
others,  to  determine  whether  stratification  of  the  charge  actually 
existed  or  not.  Analyses  of  the  gases,  taken  from  different  parts  of 
the  cylinder,  showed  that  their  chemical  composition  in  the  light* 
tng  port^  at  the  end  furthest  from  the  piston,  was  much  richer  than 
in  front  of  the  compression  space. 

The  theory  that  stratification  of  the  charge,  which  these  experi- 
ments were  undertaken  to  prove,  caused  the  effects  of  after  combus- 
tion, has  now  been  abandoned.  The  latest  authorities  on  the 
subject  consider  that  stratification  cannot  be  maintained,  even  if 
the  gases  enter  the  cylinder  in  successive  layers  of  richness,  because 
of  the  compressive  and  mixing  power  exerted  by  the  back  stroke  of 
the  piston.  It  is  imiK)ssible,  they  say,  to  conceive  that  the  charge 
can  adhere  to  the  original  order  of  its  admission,  when  the  rapidity 
with  which  the  piston  compresses  it  is  considered. 

M.  Richard  is,  however,  of  opinion  that  there  is  an  evident  gain 
in  efiiciency  if  the  products  of  combustion  remain  in  the  cylinder, 
although  the  actual  stratification  is  not  preserved.  In  the  first 
place,  to  retain  the  burnt  gases  does  not  weaken  the  succeeding 
explosion  if  care  be  taken,  as  in  the  Otto  engine,  that  the  richest 
part  of  the  mixture  lies  round  the  ignition  port.  Without  any 
attempt  at  regular  stratification,  the  products  of  combustion  will 
naturally  be  disposed  round  the  piston,  and  act  as  a  cushion  to 
deaden  the  shock  of  explosion.  Again,  these  inert  gases  are  at  a 
high  temperature,  and  if  they  be  left  in  the  cylinder,  instead  of 
being  carried  off  to  the  exhaust,  more  heat  remains  to  increase  the 
pressure  and  expansion,  and  less  is  discharged. 

The  increase  in  economy  obtained  with  the  ''scavenging" 
Orossley- Atkinson  engine  appears  effectually  to  refute  the  theory 
that  stratification  of  the  charge,  and  retention  of  the  products  of 
-combustion,  add  to  the  efficiency  of  a  gas  engine.  It  is  true  that 
these  inert  gases  heat  the  incoming  charge,  but  their  effect  is  dis- 
tinctly   injurious,    and    probably   contributes    to   the   premature 
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ignition  which  is  so  troublesome  in  large  motors.  It  is  difficult 
to  account  wholly  for  the  saving  effected,  except  on  the  assumption 
that  a  gain  in  efficiency  is  the  result  of  cleansing  the  cylinder 
completely  of  the  burnt  products.  Mr.  W.  Beaumont  is  of  opinion 
that,  *'  even  with  comparatively  small  engines,  the  complete  dis- 
charge of  residual  products,  and  the  perfect  mixing  of  the  gas  and 
air,  have  already  done  more  for  economy  **  than  any  other  im- 
provement. In  Table  No.  1  will  be  found  some  interesting  experi- 
ments on  this  type  of  engine,  showing  the  economy  obtained. 
The  scavenging  arrangement  adopted  in  the  latest  Premier  engine 
also  proves  the  same. 

Mr.  Dugald  Clerk,  in  a  valuable  paper  on  **  Recent  Developments 
in  Qas  Ilugines,''  read  before  the  Institution  of  Civil  Engineers, 
January  28,  1896,  discusses  the  causes  of  greater  economy  in 
modem  engines,  and  the  success  obtained  in  the  new  <<  scavenging" 
motor.  According  to  his  view  compression  is  an  all-important 
point,  more  compression  meaning  more,  and  less  compression  less 
economy.  He  also  considers  it  essential  to  diminish  tne  volume  of 
the  ports  and  clearance,  and  especially  to  reduce  their  surfaces  to 
a  minimum,  in  order  to  lessen  the  weight  of  metal  heated  and 
cooled  per  motor  stroke.  In  modem  gas  engines  the  dimensions 
of  the  clearance  volumes  and  surfaces  have  gradually  decreased 
year  by  year.  He  states  the  actual  heat  efficiency  of  the  best 
modern  engines  at  about  half  the  possible  theoretical  efficiency,  so 
that  there  is  still  much  room  for  improvement.  Although  not 
mentioned  in  Mr.  Clerk's  paper,  it  should,  not  be  forgotten  that  the 
best  standard  of  comparison  between  different  gas  engines  is  the 
thermal  efficiency,  and  in  calculating  it  the  B.H.P.  should  always 
be  taken,  in  preference  to  the  I.H.P.,  to  estimate  the  work  done. 
(See  tables  at  the  end  of  the  book).  This  thermal  efficiency  varies 
slightly  with  the  size  of  the  engine,  the  smaller  motors  giving 
rather  less.  Coming  to  a  consideration  of  the  Crossley- Atkinson 
engine,  upon  which  he  made  a  very  careful  trial,  Mr.  Clerk  arrives 
at  the  conclusion  that  the  scavenging  blast  obtained  by  the  use  of 
a  very  long  exhaust  pipe,  and  by  admitting  air  before  the  gas,  while 
the  exhaust  is  still  open,  effectually  cools  the  cylinder.  By  carrying 
off  the  burnt  products  it  prevents  premature  ignition,  and  increases 
the  compression  pressure  of  the  fresh  pure  charge,  and  the  power 
of  the  engine.  The  latter  is,  in  Mr.  Clerk*s  opinion,  the  chief  cause 
of  the  economy,  the  advantage  obtained  by  the  scavenging  charge 
alone  not  being  more  than  5  per  cent,  with  lighting  gas.  The 
maximum  initial  pressure  in  the  best  diagrams  taken  by  him  was 
315  lbs.,  and  the  maximum  compression  pressure  90  lbs.  The 
maximum  heat  efficiency  of  the  Crossley- Atkinson  engine  is  about 
24  per  cent.,  taking  the  B.H.P.,  as  compared  with  21  per  cent,  per 
I.H.P.  in  the  Crossley-Otto  engine  of  1888. 

Dissooiation. — The  next  theory  to  account  for  the  phenomenon 
of  "  after  combustion  "  has  been  advanced  by  Mr.  Dugald  Clerk. 
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He  attribates  it  to  the  chemical  action  known  as  '<  dissodation." 
At  certain  high  temperatures  cheniioal  compoands  decompose,  or 
separate  into  their  constituent  elements,  and  do  not  recombine 
until  the  temperature  has  fallen.     Thus  heat,  which  is  one  of  the 
great  forces  in  combining  chemical  elements,  is  also  a  powerful 
agency  in  splitting  up  compounds.     The  existence  of  this  pheno- 
menon  has  been  repeatedly  verified.      Without  it,  it  would    be 
possible,  during  the  combustion  of  gases,  to  reach  much  higher 
temperatures  than  have  ever  been  attained  in  practice.     If,    for 
instance,  steam  be  raised  to  a  very  high  temperature,  it  ceases  to  be 
steam,  and  decomposes  into  its  elements  of  oxygen  and  hydrogen. 
The  higher  the  temperature,  the  more  complete  the  dissociation, 
until  a  point  is  reached,  above  which  all  gases  exist  only  as  primary 
elements.     The  temperatures  of  compound   gases,  therefore,    are 
probably  limited,  though  the  extent  of  this  limitation  has  not  jet 
been  determined.     Without  dissociation  it  should  be  possible  in 
theory  to  raise  the  temperature  of  hydrogen  burning  in  oxygen  to 
9000*  C,  but  no  experiments  have,  to  the  author's  knowledge,  been 
made,  in  which  a  temperature  of  3800*^0.  has  been  exceeded.    Clerk 
maintains  that  at  the  temperatures  produced  in  a  gas  engine  dis- 
sociation takes  place,  and  checks  the  further  development  of  heat, 
and  this  opinion  is  shared  by  Professors  Ayrton  and  Perry.     The 
gases  decompose,  their  heat  is  suppressed,  and  not  evolved  until, 
the  temperature  being  lowered  by  expansion,  the  chemical  elements 
are  able  to  recombine.     If  dissociation  existed  in  the  cylinder  of  a 
gas  engine,  its  action  would  be  as  described  by  Mr.  Clerk.     Most 
scientific  men,  however,  are  now  agreed  that  the  estimate  of  tem- 
perature on  which  the  theory  is  based  is  incorrect.     Mr.  Clerk, 
following  D^ville,  is  of  opinion  that  dissociation  commences  at  a 
temperature  of  from  1000*  C.  to  1200*  C.     Since  the  results  of  his 
researches  were  published,  it  has  been  proved  by  the  experiments 
of  Mallard  and  Le  Chatelier  and  others,  that  dissociation  takes 
place  at  a  much  higher  temperature  than  those  in  a  gas  engine 
cylinder.    For  carbonic  acid  it  is  perceptible  at  1800*  C,  and  is  less 
than  5  per  cent,  at  2000^,  but  with  steam,  dissociation  only  appears 
at  a  temperature  above  2500^  C,  and  at  3300*  C.  it  is  still  very 
slight.     The  highest  temperature  in  a  gas  engine  cylinder  away 
from  the  cooler  walls  is  probably  never  above  1870*  C.  Abs;     It  is 
impossible,  therefore,  to  account  for  the   phenomenon  of  ''after 
combustion''  by  the  theory  of  dissociation.     Professor  Schottler 
also  points  out  that,  if  dissociation  really  took  place,  there  would  be 
a  sudden  variation  in  the  course  of  the  expansion  curve,  because 
the  law  of  expansion  itself  changes,  whereas  the  changes  in  pressure 
are  quite  gradual. 

Cooling  Action  of  Walls. — Professor  Witz  has  advanced 
another  theory  to  explain  it,  and  supports  his  view  with  the  weight 
of  his  scientific  reputation  and  experience.  He  attributes  the 
variation  of  temperature  shown  in  the  slow  fall  of  the  expansion 
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cnrve^  and  the  suppression  and  retarded  evolution  of  heat,  entirely 
to  the  cooling  action  of  the  cylinder  walls.  To  this  he  refers  all  the 
phenomena  hitherto  obscure  in  the  cylinder  of  a  gas  engine.  He  is 
of  opinion  that  this  cooling  effect  has  been  neglected  hitherto,  and 
that,  next  to  the  charge  itself,  the  walls  play  the  most  important 
part  in  the  cycle  of  an  engine.  By  carrying  off  the  heat  generated 
at  the  moment  of  explosion,  they  instantly  diminish  the  tempera- 
ture. Although  continually  cooled  by  the  jacket,  they  act  as 
reservoirs,  and  actually  restore  to  the  gas,  during  the  latter  part  of 
the  stroke,  some  of  the  heat  they  had  previously  absorbed.*  In  the 
earlier  gas  engines,  without  compression  or  ignition  at  the  dead 
point,  and  with  a  much  smaller  range  of  temperature,  the  effect  of 
the  walls,  though  ignored,  was  very  great.  In  modem  engines  this 
effect  is  greatly  restricted,  with  the  result,  according  to  Witz,  that 
the  walls  are  able  to  refund  heat  to  the  gas  during  the  expansion 
stroke. 

Professor  Schottler  agrees  with  Witz  as  to  the  marked  effect  pro- 
duced by  the  walls.  He  is  of  opinion  that  the  phenomenon  of 
**  nachbrennen  "  may  be  in  part  attributed  to  heat  actually  restored 
by  the  walls,  and  specially  by  the  piston,  to  the  hot  gases.  He 
suggests  that  the  heat  evolved  by  the  combination  of  the  chemical 
elements  is  transmitted,  at  the  moment  of  its  development,  through 
the  walls  to  the  water,  and  that  there  is  a  fraction  of  a  second 
during  combustion  when  the  temperature  of  the  walls  is  actually 
higher  than  that  of  the  gases  they  enclose.  The  effect  would  be  the 
continued  development  of  heat  along  the  expansion  line,  after  the 
attainment  of  maximum  pressure.  Oertain  circumstances  are, 
however,  he  thinks,  too  often  lost  sight  of.  The  working  fluid 
or  gas  is  probably  seldom  constant  in  its  chemical  composition, 
because  of  the  changes  produced  in  it  by  combustion.  Further, 
the  temperature  of  the  exhaust  gases  remaining  in  the  cylinder  at 
each  stroke,  and  the  action  of  the  walls  during  admission  and 
exhaust,  must  also  affect  the  oyde. 

Increase  of  Specific  Heats. — A  fourth  solution  of  the  problem 
has  been  suggested  by  MM.  Mallard  and  Le  Ohatelier.  From 
various  experiments  they  have  made,  they  are  of  opinion  that  the 
specific  heats  of  gases  increase  at  very  high  temperatures,  and  that 
this  increase  may  in  part  account  for  "  after  combustion."  The 
subject  is  still  in  the  stage  of  investigation,  and  no  very  positive 
determinations  have,  we  believe,  yet  been  made. 

Whatever  the  causes  producing  the  phenomenon  of  ''nach- 
brennen," there  can  be  no  doubt  that  it  is  in  itself  injurious,  and 
not,  as  Otto  considered,  advantageous.  The  suppressed  heat, 
although  ultimately  developed,  is  not  evolved  at  the  right  time,  and 
therefore  cannot  contribute  to  the  maximum  pressure  of  explosion. 
In  practice  and  in  theory  the  full  utilisation  of  the  heat  supplied  to 

*  The  opinions  of  Professor  Witz  here  gi^en  touch,  in  the  author^s  opinion, 
upon  debatable  ground. 
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an  engine  depends  on  the  range — ^that  is,  the  maximum  tempen- 
tare  of  explosion,  and  the  minimum  temperature  of  exhaust.  Wh&tr 
ever  checks  the  attainment  of  this  maximum  temperature  has  an 
injurious  effect  on  ihe  efficiency  of  the  engine.  The  difficulties 
of  the  subject  have  been  ably  summed  up  by  M.  Richard  in  the 
following  words : — 

Cylinder  Wall  Action. — "  No  satisfactory  answer  has  yet  been 
found  to  the  question  :  What  is  the  cause  of  the  loss  of  heat  during 
explosion  and  expansion  1  It  cannot  be  denied  that  it  is  partly 
caused  by  the  action  of  the  walls ;  they  have  an  influence  which, 
if  studied  alone,  may  almost  be  formulated  as  a  law.  But  is  the 
effect  of  the  walls  varying  or  constant  1  To  what  extent  does  it 
intervene,  during  the  motor  stroke,  in  the  other  phenomena  t  These 
are — the  increase  of  specific  heat  at  the  temperature  of  explosion 
(not  yet  universally  admitted) ;  dissociation,  a  phenomenon  rather 
suspected  than  proved;  combustion  continuing  during  expansion, 
which  some  deny  and  others  vehemently  affirm.  If  it  exists,  as  in 
my  opinion  it  does,  it  is  a  result  of  the  composition  of  the  charge, 
compression,  and  the  method  of  ignition.  In  a  word,  it  is  a  most; 
complex  phenomenon,  not  only  in  itself,  but  because  it  is  connected 
with  all  the  actions  simultaneously  produced  during  the  short 
period  of  a  motor  stroke.  .  .  .  The  experimental  theory  of  the 
gas  engine  has  not  yet  been  made.  .  .  .  Like  that  of  the  steam 
engine  it  cannot  be  determined  without  experiments,  but  it  is  of 
such  importance  that  it  ought  to  be  undertaken,  without  shrinking 
from  the  toil  and  difficulty,  the  length  and  cost  of  the  study  it 
involves." 

Even  with  the  help  of  the  Entropy  diagram  we  cannot.  Professor 
Schdttler  says,  determine  with  absolute  accuracy  the  movements  of 
all  the  heat  passing  into  an  engine  cylinder.  It  can  only  represent 
the  heat  which,  daring  the  part  of  the  cycle  under  consideration,  is 
communicated  to  the  working  agent  If  for  instance  a  certain 
portion  of  this  heat  is  transferred,  as  soon  as  it  is  generated,  by 
radiation  to  the  walls  and  thence  to  the  cooling  water,  it  will  not 
appear  in  the  diagram.  Only  the  difference  between  this  heat  and 
that  developed  by  explosion  and  utilised  in  the  cycle  will  be 
shown  as  heat  received,  and  the  same  applies  to  heat  lost  in  this 
way  at  any  point  of  the  stroke,  although  it  has  an  important 
effect  on  the  cycle.  Daring  combustion  there  is  a  great  rise  in 
temperature,  which  is  rapidly  communicated  to  the  cooler  walls,  and 
certainly  less  heat  reaches  the  gases  of  combustion  than  is  developed, 
or  corresponds  to  the  heating  value  of  the  gas.  Under  this  head  it 
should  be  noted  that  Mr.  Dugald  Olerk  nused  the  temperature  of 
the  cooling  water  from  17*  to  96*  F.,  and  claimed  to  obtain  thereby 
an  economy  of  gas  of  10  per  cent. 

The  Author  is  of  opinion  that  the  cylinder  wall  action  in  gas,  as 
in  steam  engines,  is  very  considerable,  and  it  may  be  well  to  com- 
pare this  action  in  the  two  types  of  motors.      In  the  case  of  a 
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single-acting  horizontal  fonr-cyole  gas  engine  with  water  jacket,  the 
difference  of  temperature  between  the  gas  and  the  metal  is  greater 
than  between  the  steam  and  the  metal  in  a  steam  engine.  In 
gas  engines  heat  goes  through  the  metal  walls  nearly  always  in 
one  direction,  from  the  centre  of  the  cylinder  outwards.  There 
is  a  greater  flow  of  heat  at  the  explosion  end  of  the  cylinder  and 
in  the  large  clearance  areas,  because  the  temperature  and  pressure 
ore  greater  than  at  the  other  non-explosion  end.  During  tne  three 
non-motor  strokes,  the  heat  would  travel  through  the  walls  much 
less  rapidly,  and  the  temperature  of  the  metal  would  tend  to  become 
uniform.  In  a  steam  engine  the  wall  action  fluctuates  periodically 
in  the  thickness  of  the  metal,  flrst  in  one  direction,  then  in  the 
other.  During  the  steam  stroke,  heat  passes  from  the  hot  steam 
to  the  cooler  walls,  and  during  the  exhaust,  from  the  hotter  walls 
in  the  reverse  direction. 

In  a  gas  engine,  during  the  explosion  and  expansion  stroke, 
the  heat  doubtless  passes  rapidly  from  the  hot  gases  to  the  cooler 
walls,  which,  on  the  side  touched  by  the  water,  are  at  a  temperature 
of,  say,  about  150^  to  180"*  F.  The  temperature  of  the  gases  will 
vary  from,  say,  1800'  to  2500'  F.  If  we  assume  an  average  of 
2000'  F.,  there  will  be  a  difference  of  temperature  of  about 
2000'  -  150'  »  1850'  F.  between  the  gases  and  the  metal  next 
the  water,  causing  the  heat  to  flow  through  the  walls  to  the  coolet 
circulating  water. 

During  the  exhaust  stroke  the  gases  are  still  much  hotter  than 
the  walls,  and  the  heat  flow  will  be  in  the  same  direction,  but 
less  energetic.  During  the  admission  stroke  of  cold  gas  and  air, 
the  movement  of  heat  will  either  be  reversed  or  nearly  suspended, 
AS,  by  the  time  the  charge  has  actually  filled  the  hot  cylinder 
and  clearance,  there  will  no  doubt  be  little  difference  in  tem- 
perature between  it  and  the  walls.  During  the  compression 
stroke,  there  will  be  a  tendency  for  the  heat  to  pass  again  to  the 
walls  from  the  gases.  We  may  thus  assume  that  the  flow  of 
heat,  though  varying  much  in  intensity,  is  generally  from  the 
internal  to  the  external  surfaces  of  the  cast-iron  walls,  or  from  the 
hot  gases  to  the  cooler  water. 

At  the  explosion  end  of  the  cylinder  the  clearance  surfaces  will, 
to  the  thickness  perhaps  of  a  sheet  of  paper,  approximate  to 
the  temperature  of  the  dry  gases.  The  lubricating  oil  will  act 
as  a  non-conducting  film,  and  tend  to  check  the  flow  of  heat.  Nor 
must  it  be  forgotten  that,  according  to  the -opinion  of  the  best 
authorities,  the  centre  of  the  charge  is  much  hotter  than  the  parts 
in  contact  with  the  walls.  The  flow  of  heat  may,  therefore,  com- 
mence from  a  hot  nucleus  in  the  middle  of  the  cylinder.  The 
thickness  of  the  metal  walls  will  vary,  say,  in  different  sized  engine 
cylinders,  from  1  to  1^  inch.  As  the  metal  at  the  explosion  end 
will  be  much  hotter  than  at  the  other  end,  there  will  probably  be  a 
flow  of  heat  horizontally  through  the  thickness  of  the  wall  towards 
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the  crank,  as  well  as  the  flow  radially  from  the  hot  gases.  These 
two  morements  of  heat  will  probably  form  a  thermal  gradient 
slightly  inclined  to  the  axis  of  the  cylinder. 

E£feot  of  Time. — Again,  there  is  the  question  of  time  influ- 
encing the  wall  heat  action.  Taking  two  motors  running  at 
different  revolutions  per  minute,  the  engine  with  the  slower  piston 
speed  will  give  the  water  and  the  gases  more  time  to  interchange 
their  heat  than  the  quicker  running  engine,  in  which  a  shorter 
time  per  stroke  is  allowed.  Count  should  also  be  taken  of  the 
varying  area  of  the  walls  exposed  to  the  hot  gases,  by  being 
uncovered  by  the  piston  during  its  out  stroke.  The  quantity  and 
speed  of  jacket  water  passing  per  minute  round  the  cylinder,  to 
cool  so  many  square  feet  of  internal  surface,  is  another  £sctor  of 
this  complicated  wall  action.  In  other  words,  the  number  of  Iba. 
of  water  passing  per  minute  throuffh  the  jacket  per  square  foot 
of  internid  surface  should  always  be  considered,  as  well  as  the 
action  of  the  metal  of  the  piston.  As  the  clearance  area  exposed 
to  the  hot  gases  is  much  larger  in  gas  than  in  steam  engines,  these 
important  surfaces  should,  in  accurate  experiments,  he  given  in 
square  feet,  as  well  as  the  cylinder  volume.  During  the  different 
strokes  violent  movements  will  take  place  inside  the  cylinder^ 
particularly  during  the  explosion  stroke,  when  the  whole  cylinder 
is  probably  filled  with  flame. 

On  the  other  hand,  as  Professor  Schottler  points  out,  the  effect  of 
a  high  piston  speed  must  be  to  increase  the  amount  of  bornt 
products  remaining  in  the  cylinder  after  each  explosion.  Since 
there  are  more  of  these,  less  of  the  fresh  charge  can  be  ad- 
mitted per  stroke,  and  the  mixture  will  be  more  diluted.  This 
will  have  a  consequent  effect  upon  the  ignition.  As  the  charge 
is  weaker,  containing  less  gas,  combustion  will  be  less  instan- 
taneous, and  spread  less  rapidly.  Therefore,  in  high  speed  engines, 
or  when  the  normal  speed  of  any  engine  is  increased,  care  should 
be  taken  to  make  the  ignition  act  more  powerfully.  Thus  a  higher 
speed  increases  the  wall  action  in  a  cylinder,  because,  there  being 
less  of  the  fresh  charge  to  heat,  its  effect  upon  this  smaller  quantity 
will  be  the  greater.  If,  as  Professor  Witz  says,  the  higher  speed 
of  an  engine  diminishes  the  time  during  which  wall  action  takes 
place,  this  is  counterbalanced  by  the  more  powerful  action  of  the 
walls  during  that  shorter  time.  The  higher  speed  raises  the 
temperature  of  the  walls,  but  at  the  same  time  it  also  raises 
the  lower  limit  of  temperature.  This  is  especially  the  case  in  the 
ordinary  four-cycle  engine,  where  a  large  quantity  of  inert  gases  are 
left  in  the  cylinder,  and  hence  the  efficiency  diminishes. 

Action  of  the  Timing  Valve  upon  the  Cycle. — ^According  to 
Professor  Meyer,  the  presence  or  absence  of  a  timing  valve  also 
affects  the  cycle  in  a  gas  engine  cylinder.  In  engines  working 
without  this  valve,  the  products  from  the  former  charge  fill  the  hot 
tube  during  admission,   and  are  driven  up  by  the   compression 
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stroke,  to  make  waj  for  a  fresh  explosive  charge  in  the  hot  zone. 
The  time  of  ignition  does  not,  however,  depend  only  on  the  degree 
of  compression,  but  also  on  the  composition  and  temperature  of  the 
charge,  and  speed  of  the  engine.  When  these  three  conditions  vary, 
the  line  of  demarcation  between  the  fresh  charge  and  the  products 
in  the  hot  tube  is  altered,  and  more  or  less  of  the  latter  are  dis- 
placed. These  conditions  also  affect  the  length  of  time  elapsing 
between  the  moment  when  the  fresh  mixture  reaches  the  hot  tube, 
and  when  it  ignites  and  communicates  heat  to  the  surrounding 
gases.  The  same  phenomena  are  produced  with  and  without  a 
timing  valve,  because  ignition  is  not  started  as  soon  as  the  tube 
is  uncovered.  Indicator  diagrams  show  that  even  with  a  timing 
valve  premature  ignitions  ti^e  place  ;  nevertheless  it  has  its  uses. 
At  the  moment  the  tube  is  uncovered,  a  large  quantity  of  the  fresh 
charge  is  violently  driven  into  it  beyond  the  zone  of  heat ;  the 
eddies  of  gas  thus  produced  hasten  the  beginning  of  ignition,  and 
premature  combustion  is  avoided. 

To  diminish  the  consumption,  compression  in  modern  engines 
is  carried  as  far  as  possible.  The  ignition  tube  and  admission 
passages  should  be  so  designed  that  a  poor  mixture  of  uniform 
quality  may  always  be  relied  on  to  ignite  well,  the  position  of  the 
hot  tube,  and  the  carefiil  mixing  of  the  gas  and  air,  being  in  this 
respect  of  much  importance.  The  compression  space  must  be  skil- 
fully constructed,  that  as  little  heat  as  possible  be  lost  to  the 
walls.  Our  aim,  as  Professor  Schottler  says,  should  be  to  bum 
the  poorest  mixture  as  quickly  as  possible,  and  at  the  highest 
piston  speed,  and  this  seems  to  agree  with  modem  gas  engine 
practice. 

In  the  Appendix  wUl  be  found  the  reprint  of  an  article  by  the 
author  from  the  Jowmal  of  Gas  Lighting^  on  the  number  of  gas 
engines  in  use,  and  their  applications,  in  England,  France,  and 
Germany. 


294  PBTROLEUM   BNOINB8. 


PART  II. 
PETROLEUM  ENGINES. 


CHAPTER    XVII, 

THE  DISCOVERT,  UTIUSATION,  AND 
PROPERTIES  OF  OIL.* 

Ck>vnNTB.— Petroleum:  Its  Production  in  Russia,  America,  and  Sootland— 
Composition  of  Oil — Distillation— Density —Flashing  Point — Heating 
Value  of  Oil — Professor  Robinson's  Experiments  Evaporation  of  Oil- 
Pressure— Utilisation  of  Oil — ^As  liquid  Fuel  on  Railways — Advantages 
and  Diffioulties--Oil  Gas— Mansfield  Producer—Keith— Pmtsch. 

The  name  petroleum,  or  rock  oil,  is  derived  from  the  Latin 
words  petra^  a  rock,  and  oleum,  oil.  It  is  a  mineral  prodact, 
obtained  from  the  earth  in  two  different  ways.  Most  of  the  oil 
used  is  drawn,  at  varying  depths,  from  subterranean  wells  in  a 
natuial  state,  but  a  relatively  small  quantity  is  also  produced  bj 
distillation  from  bituminous  shale.  The  extraction  of  oil  has 
been  carried  on  in  Scotland  since  1850;  the  discovery  of  rock 
oil  in  the  earth,  and  the  operations  necessary  for  bringing  it  to 
the  surface,  date  from  a  few  years  later.  A  third  kind  of  oil, 
which  must  be  distinguished  from  these,  is  obtained  from  fat  and 
grease,  by  the  application  of  intense  heat^  in  retorts.  The  process 
IS  usually  continued  until  the  oil  has  been  converted  into  a  rich 
gas.  Lastly,  there  are  vegetable  oils,  such  as  linseed,  castor,  palm, 
or  olive  oil,  from  which  gas  may  also  be  produced  by  distillation. 
To  distil  gas  from  any  kind  of  oil,  great  heat  is  necessary. 

Petroleum, — ^Within  the  last  few  years  petroleum  has  become 
a  most  important  article  of  commerce.  There  are  two  countries 
from  which  this  oil  has  been  chiefly  obtained,  the  shores  of  the 
Caspian  Sea,  and  the  centre  of  the  United  States.     It  is  known, 

*  Students  desirous  of  investigating  this  important  subject  with  speci&I 
reference  to  the  geographical  and  geological  distribution  of  petroleum  through- 
out the  world,  its  refining,  characteristics,  uses  and  testing,  are  referred  to 
Mr.  Boverton  Redwood's  valuable  work  on  Petroleum.    (Griffin  k  Co.     1896.) 
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however,  to  exist  in  many  other  plaoes,  and  has  been  found  in 
South  America,  topeciallj  in  Peru  and  the  Argentine  Republic, 
India,  Assam  ^890),  Beloochistan,  Japan,  China,  Burmah,  Egyfit, 
Australia,  ana  in  the  south-east  of  Europe.  Some  scientific 
men  are  of  opinion  that  petroleum  may  be  disoorered  almost 
everywhere,  if  the  borings  are  carried  deep  enough  into  the 
earth.  But  for  the  present  the  supply  from  Russia  is,  and  will 
probably  long  continue  to  be,  practically  unlimited,  and  Russian 
petroleum  is  conveyed  so  cheaply  all  over  Europe,  that  it  is  not 
worth  while  to  seek  for  oil  elsewhere.  The  chief  centre  of  the  oil 
industry  is  round  the  shores  of  the  Caspian,  though  important 
oil  fields  have  been  discovered  in  Central  Asia.  It  is  only  within 
the  last  twenty-five  years  that  these  vast  natural  reservoirs 
have  been  utilised,  and  their  discovery  threatens  in  several  ways 
to  revolutionise  commerce,  especially  as  providing  a  new  kind  of 
fuel.  The  town  of  Baku,  the  capital  of  the  Caspian  district,  has 
from  a  village  become  a  large  and  flourishing  citv,  since  oil  has 
been  found  in  great  quantities  in  its  vicinity.  The  existence  of 
an  oil  region  round  the  Caspian  was  known  from  the  earliest 
times.  The  district  was  called  by  the  ancients  the  Fire  Region, 
and  the  mysterious  flames  which  issued  frolki  fissures  in  the  rocks 
were  worshipped  by  them  600  years  B.a,  as  manifestations  of  the 
Fire  God  These  flames  are  nothing  more  than  the  gases  given  off 
by  the  subterranean  oil  reservoirs,  ignited  at  some  remote  period, 
and  which  have  never  been  extinguidied« 

BtLBsian  OH. — ^The  extraction  of  oil  from  the  earth  in  the  Baku 
district  is  carried  out  on  a  regular  system.  The  wells  are  tapped, 
or  the  oil  is  "struck,"  as  it  is  called,  and  immediately  rises  to 
the  surface  at  a  high  pressure.  It  is  then  conveyed  through  pipes 
direct  to  the  refineries,  where  it  is  purified,  and  separated  into  the 
lighter  volatile  oils,  as  naphtha,  the  lighting  or  intermediate  oils, 
lubricating  oils,  which  are  all  of  varying  density,  and  the  crude 
petroleum  called  ''  astatki."  Through  another  line  of  pipes  it  is 
next  carried  to  fill  the  tanks  in  the  steamers  on  the  Caspian,  no 
other  method  of  distribution  being  employed.  This  system  of  pipes 
forms  a  network  over  an  area  of  several  square  miles  round  Baku, 
and  the  oil  issues  from  the  wells  at  so  high  a  pressure  that  no 
pumping  is  required,  until  the  flow  has  be^n  to  diminish.  It  is 
struck  at  a  depth  varying  from  70  to  825  feet  below  the  surface. 
A  line  of  pipes  is  now  in  course  of  construction  for  carrying 
refined  oil  from  Baku  through  the  Caucasus  to  Batoum,  on  the 
Black. Sea,  560  miles  distant,  from  whence  it  is  conveyed  by  sea 
to  the  south  of  Russia,  and  throughout  the  countries  border- 
ing on  the  Mediterranean.  The  oil  industry  of  Baku  has  been 
greatly  developed,  and  almost  created  by  two  Swedish  engineers, 
Robert  and  Ludwig  Nobel,  who  have  organised  a  system  of  obtain- 
ing and  refining  the  oil,  and  distributing  it  all  over  Europe  (see 
Appendix). 
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Amerioan  Oil« — The  second  source  of  oil  supplj  is  from  Penn- 
sjlvania  and  the  Alleghany  district  in  North  America,  and  the 
newly  discovered  oil  regions  of  Athabasca  in  Central  Canada.  Here 
also  the  supply  is  ample,  though  the  borings  are  carried  much 
lower,  oil  being  usually  found  at  a  depth  of  from  500  to  4000  feet 
from  the  surfieioe.  The  petroleum  wells  of  Pennsylvania  were  dia- 
covered  about  1859.  The  oil  issues  from  the  ground  at  a  lower 
pressure  than  in  the  Caspian  district,  and  is  pumped  through  pipes, 
often  hundreds  of  miles  in  length,  to  the  chief  commercial  centres 
of  the  United  States.  There  are  about  25,000  petroleum  wells  in 
America,  and  400  in  the  Caspian,  but  the  supply  in  the  latter  is  veiy 
much  more  abundant.  In  1890  the  yield  of  oil  from  the  American 
wells  was  2,600,000  gallons  a  day,  and  from  the  Caspian  nearly 
2,700,000  gallons  per  day.  The  supply  from  both  is  at  present 
apparently  unlimited,  and  there  are  only  two  drawbacks  to  the  use 
of  petroleum  all  over  the  world  for  lighting  and  heating  purposes, 
Ac.  The  first  is  the  cost  and  difficulty  of  transport,  which  will 
no  doubt  be  overcome ;  the  second  is  the  varying  composition  and 
inflammable  nature  of  the  oil,  necessitating  great  care  in  carrying 
and  storing  it. 

Scotoh  Oil. — The  third  source  from  whence  mineral  oil  is 
obtained  is  by  distillation  from  bituminous  shale  or  '*  petroleum 
peat."  Dr.  James  Toung  was  the  first  to  discover,  in  1850,  that 
petroleum  could  be  extracted  from  shale,  rich  beds  of  which  exist 
in  abundance  in  Scotland.  The  oil  produced  is  usually  known  as 
paraffin  oiL 

Thus  during  the  last  forty  years  a  vast  and  hitherto  unsuspected 
store  of  natunJ  fiiel  has  been  brought  to  light,  which,  unlike  coal, 
requires  no  laborious  mining  process  to  extract  it  from  the  earth. 
It  IS  merely  necessary  to  bore  a  well  of  the  requisite  depth,  with  an 
instrument  known  as  a  well-driller,  over  which  a  wooden  structure 
is  erected,  and  the  oil  issues  forth  in  a  liquid  stream.  The  boring 
is  often  now  carried  out  by  a  motor  driven  by  oil.  Care  must  be 
taken,  however,  in  the  Caspian  district,  that  the  flow  of  oil  is  not 
allowed  to  become  so  great  as  to  flood  the  country.  Thus  in  the 
Droojba  fountain,  in  1883,  the  oil  rose  to  a  height  of  300  feet,  and 
flowed  at  the  rate  of  2,000,000  gallons  a  day.  It  burst  to  the  surface 
with  the  force  of  a  miniature  volcano,  carrying  with  it  large 
quantities  of  sand,  and  the  damage  done  to  the  surrounding  country 
ruined  the  owners.  About  £10,000  worth  of  oil  per  day  were 
thrown  up,  and  most  of  it  wasted.  To  check  this  tremendous  flow, 
the  wells  are  now  "  capped ''  at  once  if  possible,  and  frequently 
covered  over,  or  "  corked,"  if  the  price  of  oil  is  at  the  time  so  low  as 
to  render  the  working  unremunerative.  Thus  the  supply  is  stored 
for  future  use. 

Composition  of  OH. — ^The  difficulties  of  utilising  Nature's 
bountiful  stores  of  light  and  heat  become  apparent,  as  soon  as  the 
chemical  constituents  of  the  oil  are  considered.     The  composition  of 


COMPOSITION   OF  OIL.  297 

fuel  such  as  coal,  wood,  &c.,  varies  considerably,  and  with  oil  it  is 
even  less  uniform.  Crude  petroleum  consists  of  various  hydro- 
carbons, differing  in  their  proportions  in  every  oil,  and  all  are  of 
different  densities.  The  density  of  some  is  very  low,  and  they  are 
much  lighter  than  water  (taken  as  unity).  The  lighter  the  more 
dangerous  the  oil,  because  the  more  rapidly  it  evaporates,  giving  off 
inflammable  vapours  which  ignite  if  a  light  be  brought  near.  As 
the  chemical  constituents  of  petroleum  have  different  boiling  points, 
they  are  vaporised  at  different  temperatures.  Hence  the  difficulty 
of  dealing  with  these  oils.  At  a  low  temperature  the  lightest  and 
most  volatile  hydrocarbons  rise  to  the  surface,  and  are  first  given 
offl  Ab  the  temperature  increases,  and  more  heat  is  applied,  the 
heavier  aud  more  inflammable  vapours  are  separated,  till  at  last  all 
the  volatile  oil  is  evaporated,  and  a  thick  heavy  liquid  is  left,  called 
**  astatki''  in  Russia,  and  "  residuum"  in  America.  Formerly  this 
petroleum  refuse  was  considered  useless,  and  thrown  away.  Both 
in  America  and  Russia  it  was  allowed  at  times  to  run  to  waste,  and 
formed  lakes  of  liquid  petroleum,  which  were  often  set  on  fire,  to 
get  rid  of  them,  or  carried  off  by  pipes  into  the  sea.  It  is  now 
known  that,  though  this  refuse  cannot  be  volatilised  by  the  appli- 
cation of  beat,  however  intense,  it  may  be  broken  up  or  divided 
into  spray  and  utilised,  by  injecting  air  or  steam  into  it,  and  thus 
burning  it.  It  is  used  extensively  in  Russia  and  America,  and 
forms  a  valuable  liquid  fuel,  though  it  does  not  yet  pay  for  the 
eost  of  transport  to  other  countries. 

Distillation. — If  American,  Russian,  or  Scotch  shale  oil  be 
heated  gradually  in  a  retort,  it  is  divided  up  by  what  is  called 
^'fractional  distillation"  as  follows: — The  highly  inflammable 
vapours,  variously  known  as  naphtha,  gazolene,  benzoline, 
petroleum  essence,  petroleum  spirit,  &a,  are  first  given  off 
These  vapours,  though  very  dangerous,  are  free  from  impurity.  As 
the  temperature  of  the  retort  increases  heavier  gases  are  liberated, 
and  carbon  is  deposited ;  while  at  a  red  heat  the  residuum  is  split 
up,  or  "  cracked,"  and  converted  into  a  true  oil  gas,  containing  a 
large  amount  of  tarry  products.  *^  Cracking  "  is  the  term  applied 
to  petroleum  when,  by  subjecting  it  to  great  heat,  the  heavier 
ehemical  constituents,  which  will  not  themselves  vaporise  at  that 
temperature,  are  split  up  and  decomposed  into  lighter  hydrocarbons, 
which  are  readily  evaporated.  The  different  oSs  thus  formed  are, 
in  the  oider  of  their  density,  volatile  essence  or  spirit ;  kerosene  or 
illuminating  oil ;  what  is  called  intermediate  oil,  because  in  density 
and  inflammability  it  is  between  the  light  and  heavy  oils;  thick 
lubricating  oil ;  and,  lastly,  aatatki  or  refuse,  which  may  either  be 
made  into  gas,  or,  by  the  addition  of  superheated  steam,  burnt  as 
fuel. 

Different  Densities  of  Oil. — It  must  not  be  supposed  that 
these  different  classes  of  oil  are  ever  rigidly  defined  in  any  petroleum. 
They  pass  one  into  the  other,  from  lighter  to  heavier,  by  imper- 
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oeptible  gndatioiu,  and  can  onlj  be  correctly  tabulated  aooording 
to  their  density.  Nor  ia  even  this  an  in&llible  test  of  their  quality, 
for  the  same  oil,  naphtha,  kerosene,  or  lubricating  oil,  will  €iiben 
▼ary  in  density,  according  to  the  petroleum  from  which  it  is 
obtained.  Sometimes  an  oil  will  contain  more  of  the  lighter,  some- 
times more  of  the  heavier  constituents.  At  Baku  the  lightest  oils 
are  found  in  wells  of  great  depth,  and  hence  the  high  pressure  of 
the  oil  fountains,  and  the  force  with  which  they  rise ;  the  heavier 
kinds  lie  nearer  the  sur&ce.  The  difficulty  caused  by  the  varying 
density  of  petroleum,  and  the  different  temperatures  at  which  it 
vaporises,  is  the  main  obstacle  to  its  use  in  heat  engines,  and  special 
means  are  employed  in  every  case  to  convert  it  into  spray.  If  the 
oil  be  simply  injected  into  the  cylinder  like  gas,  the  heavy  hydro- 
carbons are  soon  deposited,  and  are  troublesome  to  get  rid  of.  If 
only  the  lighest  oils  or  spirit  are  used,  they  are  even  more  easily 
ignited  than  gas,  but  are  expensive,  and  dangerous  to  transport. 
Legally  they  can  only  be  stored  for  heat  motors  with  special 
precautions.  The  heavy  liquid  refuse  is  not  inflammable,  and 
therefore  quite  safe,  but  to  employ  it  in  an  engine  it  must  be 
previously  distilled  in  a  retort.  It  u  the  intermediate  kinds  of  oil, 
obtained  from  heavy  residuum  after  refining  away  the  volatile 
essence,  which  are  chiefly  used  for  lighting  and  heating;  and 
petroleum,  as  distinguished  from  spirit  or  naphtha,  motors  are 
usually  driven  bv  these  oils  only.  If  natural  oils  have  been  care- 
fully reflned,  and  their  more  volatile  constituents  drawn  off  by  the 
application  of  heat,  they  become  much  less  inflammable.  laghting- 
oil  or  common  kerosene  will  not  ignite  at  the  ordinary  tempera- 
ture, and  will  even  extinguish  a  lighted  taper  when  applied  to 
it.  Special  legal  restrictions  are,  however,  placed  on  the  use  of 
oil  in  most  European  countries,  and  a  test,  known  as  the  Flashing 
Point,  is  prescribed  to  determine  its  inflammability. 

Flashing  Point. — The  flashing  point  of  an  oil  is  the  temperature 
at  which  it  gives  off  inflammable  va|K)ur8,  and  de|>ends  chiefly  on 
its  more  volatile  constituents.  Oareful  allowsDce  must  always  be 
made  for  temperature  in  dealing  with  oil,  because  petroleum 
increases  greatly  in  volume  with  every  d^pree  rise  of  heat.  To 
determine  its  specific  gravity,  water  is  taken  as  unity,  and  the 
weights  of  oil  as  decimals.  The  higher  the  specific  gravity  of  oil, 
or  the  more  closely  it  approximates  to  the  density  of  water,  the  less 
danger  will  there  be  of  its  infiammability.  Petroleum  which  has 
a  low  specific  gravity  contains  light  chemical  constituents,  and 
these  are  very  volatile,  and  are  given  off  at  a  low  temperature. 
Hence  it  catches  fire  more  readily,  and  is  often  more  inflammable^ 
than  other  oils  of  greater  density,  containing  heavier  hydro- 
carbons. 

The  flashing  point  of  oil  is  usually  determined  by  means  of  an 
apparatus  designed  by  Sir  F.  Abel.  A  small  cylindrical  vessel  of 
oil  has  a  tight  fitting  cover  with  three  holes,  which  can  be  opened  or 
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abut  by  means  of  a  slide,  A  thermometer  is  fixed  in  the  vessel,. 
and  a  gas  burner  and  flame  are  also  provided.  The  oil  is  heated  by 
raisilig  the  temperature  of  the  water  in  the  receiver  by  means  of  a 
lamp.  At  about  66*  F.,  or  19^  C,  the  slide  in  the  cover  of  the  air 
▼esael  is  slowly  withdrawn,  the  flame  brought  beneath  the  lid 
through  the  holes,  and  the  oil  watched  until  it  lights  or  flashes. 
The  flashing  point  is  determined  from  the  temperature  of  the  oil. 
In  most  countries  of  Europe  and  America  no  oil  giving  off*  in- 
flammable vapours — that  is,  having  a  flashing  point  below  a  certain 
limit  of  temperature,  which  is  tixed  by  law — may  be  stored  without 
a  special  licence.  In  England  the  limit  is  IS''  F.,  or  22*  0. ;  in 
France,  35*  O. ;  Russia,  28*  C. ;  Germany,  21*  0. ;  Canada,  85*  F. 
In  America  the  legal  limit  varies  much  in  the  difllBrent  States. 
The  flashing  point  may  also  be  roughly  determined  by  holding  a 
lighted  taper  above  an  open  vessel  filled  with  oil.  As  the  tempera* 
ture  is  raised  by  the  heat  of  the  taper,  light  hydrocarbons  are 
liberated,  rise  to  the  surface  and  ignite,  and  if  a  thermometer  be 
placed  in  the  oil,  the  flashing  point  can  be  read  off.  The  higher 
this  temperature,  which  determines  the  limit  of  ignition,  the  safer 
is  the  oil  to  use. 

Tabu  op  Oosbti'iuists  op  Ambbtoav,  Bubsian,  aitd  Sootob  Shali  Oil, 
wiTB  Spscmo  Gbavitt  and  Flashing  Point  {Solniuon). 
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Ignition  Point. — The  ignition  or  huming  point  of  oil  is  the 
temperature  at  which  the  oil  itself,  and  not  the  inflammable 
rapours  given  off,  takes  fire.  It  is,  of  course,  of  greater  importance 
to  determine  the  flashing  than  the  burning  point,  the  former  being 
reached  long  before  the  oil  itself  is  raised  to  the  ignition  point. 
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As  the  lowest  legal  flashing  point  of  an  oil  is  in  England  73*  F., 
naphtha  or  petrolenm  spirit^  whioh  ignites  at  a  lower  temperature 
and  is  very  dangerous,  may  not  be  stored  unless  by  special  licence. 
The  flashing  point  of  astatki  or  cmde  petroleum  refuse  is  above 
200"*  0. ;  intermediate  Scotch  shale  oil  has  a  flashing  point  of 
105'  0.  =  22r  F. 

The  table  on  p.  299  (from  Professor  Robinson's  Oow  and  Peiroleum 
Engines)  gives  the  proportions  by  volume,  flashing  pointy  and 
specific  gravity  of  the  different  hydrocarbons  contains  in  Russian, 
American,  and  Scotch  petroleum. 

The  following  table  ^from  Redwood,  see  p.  301)  shows  the 
chemical  constituents  of  tne  oils  from  different  countries,  and  their 
heating  value,  &c 

Oalorlflo  Value  of  Oil  as  used  in  an  Engine. — Mr.  0.  J. 
Wilson,  F.8.C.,  one  of  the  best  London  authorities  on  this  subject^ 
has  made  many  determinations  of  the  heating  value  of  oils  with  his 
improved  fuel  calorimeter,  especially  in  connection  with  the  Royal 
Agricultural  Society's  and  other  tests. 

The  heating  value  of  oil  is  now  usually  determined  in  a  closed 
calorimeter,  but  in  applying  this  determination  to  the  combustion 
of  oil  in  a  motor  cylinder,  the  conditions  are  very  differentb 
When  oil  is  burnt  by  means  of  compressed  oxygen  in  a  calorimeter, 
the  whole  of  the  water  produced  by  the  combustion  of  the  hydrogen 
is  condensed  to  the  liquid  state,  and  cooled  to  the  temperature  at 
which  the  experiment  is  made.  It  is,  therefore,  necessary  to  know 
the  amount  of  this  water,  and  allow  for  the  heat  which  would  be 
required  to  evaporate  it,  since  in  all  cases  where  an  oil  is  used  as 
fuel  or  power,  the  products  escape  in  the  gaseous  state.  The 
calculation  is  similar  to  that  made  to  determine  the  higher  and 
lower  heating  value  of  gas  (see  p.  243). 

The  following  extract  on  the  heat  value  of  Russolene  and 
Broxboume  oils,  tested  by  Mr.  Wilson,  is  taken  from  the  Royal 
Agricultural  Society's  Report  for  1894 : — 

**  Bnaaolene  Oil — Calorific  Value. — To  determine  this,  the  oil 
was  completely  burned  in  a  closed  bomb  with  compressed  oxygen, 
and  the  heat  produced  carefully  measured.  Calculated  to  calories 
per  gramme  of  oil,  the  mean  of  two  concordant  experiments  is 
1 1  -055.  This  figure  includes  all  heat  obtained  by  condensation  of 
produced  water,  and  cooling  this  and  the  gaseous  products  to  28*  0. 
In  order  to  obtain  a  correction  for  the  water  produced  by  combus- 
tion, the  percentage  of  hydrogen  in  the  oil  was  determined,  and 
found  to  be  14  05  per  cent. ;  the  produced  water  will,  therefore,  be 
1-2645  times  the  weight  of  the  oil.  Taking  the  latent  heat  of 
water  at  28*  C,  as  587  calories  gives  0*742  calorie  per  gramme,  and 
deducting  this  from  11*055  gives  10*313  calories  as  the  heat  of 
combustion  of  1  gramme  of  the  oil ;  products  of  combustion  in  the 
gaseous  state  at  28*  C.  This  oil  seems  very  constant  in  composition, 
for  a  sample  examined  more  than  a  year  ago  gave  14*07  per  cent. 


TABLK  OP  OOMPOaiTION  OP  OILS. 


SOI 


In 


a000t^QC^QOK^a0Q0aQ00CO(O*<QOftOftO)  00 


hh 


I  e«  «p  04  o  9»  00  ep  CO  lO  t«  2  °^  T**  ri  r*  7*  9^  9^  ^ 

faco  1^  00  iM  ^  ^  .l*  04  o  lb  ^O  o  o  o  1^  *^  o  01 

04  00 

geo«74qDr«r«^aopcoi-4cpu3«pipcpco^^^ 

*^C0  ^  ^  C9  ^  CO  «^  04  0»  6)  Ol  >^  t«  04  ^  04  »«  04  O 

i 

du3copa>^^o»r«^e4coco^^co<p74'7ii74 
boowoDobaoabooooaoaoaocooooowOOODoooo 

^A<pw4Bi^^aoa5opS59^oo5o5^ak^^ 
ooooooobboooi^booooo 

•   •••••••••a   •  ,2   • 

1 1  fa       ^m  III 


5 

I 


P 

5 


6 


I 

1 


302  PKTROLBUM   XHOI1IS8. 

of  hydrogen,  and  a  calorific  value  of  10*3  calories  per  gramme — 
practically  identical  with  the  above. 

*<  The  heat  value  is,  therefore,  nearly  18,600  British  T.U.  per 
lb.  Comparing  this  with  Welsh  steam  coal,  with  a  calorific  value 
of  14,500  thermal  units  per  lb.,  1  lb.  of  oil  wiU,  in  heating  value, 
be  equivalent  to  1*28  lb.  of  coal,  and  comparing  it  with  London 
gas,  having  a  calorific  value  of  19,200  British  T.U.  per  lb.,  it 
would  be  equivalent  to  0*97  lb.  of  gas.  The  specific  gravity  of 
this  oil  at  60''  F.  is  0*82,  and  flashing  point  (Abel  test)  86**  F.' 

"  Broxboume  Oil— Caloriflo  Value. — The  mean  of  two  experi- 
ments in  the  compressed  oxygen  calorimeter  gives  11019  calories 
per  gramme,  all  produced  water  being  condensed.  The  correction 
calculated  from  the  hydrogen  percentage  is  0*742  calorie,  giving 
as  the  heat  value  10*277  calories  per  gramme,  all  products  of 
combustion  in  the  gaseous  state  at  24**  C.  This  corresponds  to 
a  thermal  value  of  18,500  British  T.U.  per  lb.,  the  specific  gravity 
of  the  oil  at  60*  F.  being  0*81,  and  flashing  point  (Abel  test) 
155^  F.  The  Broxboume  oil  was  about  double  the  price  of  the 
Russolene." 

FrofeBSor  Bobinson'B  Exi>eriment8. — A  series  of  careful  and 
interesting  experiments  were  undertaken  by  Professor  Eobinson, 
to  determine  the  nature  of  the  changes  produced  by  heat  in 
different  kinds  of  oil.  In  order  to  ascertain  the  properties  of 
oil,  and  how  much  additional  heat  was  necessary  to  convert  it 
into  a  vapour  before  using  it  in  the  cylinder  of  an  engine,  he 
desired  to  know  the  temperature  at  which  the  oil  distilled  or 
evaporated,  and  the  pressure  of  the  petroleum  vapour  given  off. 
The  first  point  could  only  be  determined  by  the  process  of  fractional 
distillation.  A  glass  flask  filled  with  petroleum  was  placed  in  a 
sand  bath,  and  slowly  heated  by  the  flame  of  a  Buusen  burner. 
Two  thermometers  were  used,  one  in  the  oil,  the  other  at  the 
neck  of  the  flask.  By  this  apparatus  Professor  Robinson  was  able 
to  take  the  tem|>erature  of  the  oil,  and  of  the  vapour  as  it  was  given 
off;  the  latter  was  then  passed  through  a  glass  tube  surrounded 
with  iced  water  into  a  graduated  condenser.  With  water  the 
boiling  point  would  be  always  the  same,  but  with  oil  it  was 
necessary,  as  distillation  ceased-  at  one  temperature,  to  increase 
it  continually.  The  temperatures  of  the  oil  and  vapour  were 
found  never  to  agree  completely,  but  the  higher  the  temperature 
of  the  oil,  the  less  difference  there  was  between  it  and  the  tem- 
perature of  the  distilled  va|K>ur.  A  marked  difference  between  the 
various  oils  tested  was  found,  in  the  more  or  less  gradual  distilla- 
tion of  their  constituents,  and  the  percentage  given  off  at  the 
different  temperatures.  As  a  rule,  Scotch  shale  oil  distilled 
slowly  at  a  high  temperature,  with  the  exception  of  Trinity  or 
lighthouse  oil,  55  per  cent,  of  which  distilled  between  170*  0.  and 
230^  C.  Some  of  the  ordinary  lubricating  oils  distilled  rapidly 
at  a  temperature  commencing  at  120'  C,  the  Russian  at  130*"  C. 
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The  oils  which  distilled  a  large  percentage  of  their  volume  within 
a  limited  range  of  temperature,  showed  a  more  or  less  uniform 
composition.  Others  evaporated  slowly  through  a  wide  range, 
proving  that  they  were  more  complex  in  composition,  and  made 
np  of  hydrocarbons  having  varying  boiling  points.  Only  a  small 
percentage  of  the  heavy,  intermediate,  and  Scotch  shale  oils  was 
distilled  at  a  very  high  temperature.  The  range  of  temperature 
applied  to  these  oils  varied  from  120^  0.  to  270*"  C.  At  a 
temperature  of  from  215'  C.  to  240"*  C,  about  50  per  cent,  of 
the  American  and  Russian  oils  distilled. 

STaporation  of  Oil. — The  next  experiments  were  undertaken 
to  determine  the  evaporation  from  heavy  oils  in  the  open  air, 
when  exposed  to  a  slow  gentle  heat,  under  ordinary  atmospheric 
conditions,  and  thus  the  amount  of  light  hydrocarbons  they  con- 
tained. Lighthouse,  Scotch  shale,  and  lubricating  oils,  having  a 
specific  gravity  of  0'810  to  0*853,  were  placed  in  shallow  receivers, 
and  a  steady  heat  maintained  beneath  them,  the  temperature  of  the 
oils  being  kept  for  three  hours  at  from  40^  0.  to  65*  C.  The  amount 
of  evaporation  was  determined  by  weighing  the  oils  before  ilnd 
after  the  experiments,  and  it  was  found  that  the  percentage  of  loss 
varied  inversely  as  their  specific  gravity.  With  the  heaviest 
lubricating  oil,  the  loss  in  weight  was  2*96  per  cent,  with  the 
lightest  oU  of  0*810  specific  gravity  it  was  6*90  per  cent,  in  the 
same  time.  These  experiments  show  the  degrees  of  safety  with 
which  oils  may  be  stored  in  hot  climates,  and  the  necessity  of 
ventilating  the  oil  tanks  and  keeping  them  cool,  thus  diminishing 
risk  and  loss  by  evaporation. 

FressureB  of  Oil.— Professor  Robinson  next  endeavoured  to 
determine  the  pressures  of  the  different  oils,  corresponding  with  a 
given  rise  in  temperature.  Some  difficulty  was  experienced  in 
making  these  trials,  because  it  was  found  much  less  easy  to  prevent 
leakage  firom  the  joints  with  petroleum  vapour  than  with  steam  or 
lighting  gas.  The  testing  apparatus  consisted  of  a  U-shaped  glass 
tube,  having  one  limb  longer  than  the  other.  At  the  end  of  the 
shorter  was  a  spherical  bulb,  the  longer  was  provided  with  a 
graduated  scale.  The  tube  and  bulb  were  filled  with  mercury  and 
oil,  the  oil  being  uppermost  in  the  bulb.  The  temperature  was 
raised  by  placing  the  glass  apparatus  in  a  glycerine  bath,  gradually 
heated  by  a  Bunsen  burner.  As  the  sample  of  oil  in  the  bulb 
increased  in  temperature,  the  pressure  generated  by  its  vapour 
forced  the  mercury  down  the  bulb  and  up  the  longer  limb  of  the 
tube,  and  its  rise  was  noted  on  the  scale.  Corrections  were  care- 
fully made  for  the  temperature  of  the  room,  latent  heat  of 
evaporation  of  the  oil,  expansion  of  the  glass  and  mercury,  <fea 
The  height  of  the  mercury  in  the  tube  showed  the  pressure  attained 
by  the  petroleum  vapour  in  the  bulb,  corresponding  to  the  rise  in 
temjperature  of  the  glycerine  bath.  The  results  of  the  experiments 
were    afterwards    plotted    on    curves,   showing  the   proportional 
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inoreMe  of  presture  with  increase  of  temperature,  in  the  same  waj 
as  with  steam.  Professor  Robinson  gives  various  curves  exhibiting 
the  temperatures  and  pressures  for  different  oils.  It  was  found 
that  steam  had  a  higher  pressure  at  a  given  temperature  than  anj 
of  the  oils,  except  petroleum  spirit  or  naphtha,  the  pressure  of 
which  rises  more  rapidly  in  proportion  to  its  temperature.  At 
300*  F.  the  Dressure  of  petroleum  spirit  was  125  lbs.  and  that  of 
steam  is  55  lbs.  per  square  inch.  The  pressure  of  ordinary  oils  was 
much  less.  Common  lighting  oils,  chieflj  American,  gave  an 
absolute  pressure  of  a  little  above  150  centimetres  of  mercury,  at 
temperatures  varying  from  170*  0.  to  200*  C,  while  the  heavy  oils,  as 
Lighthouse  or  Scotch  shale,  having  a  specific  gravity  of  about  0*825, 
showed  a  very  low  absolute  pressure,*  90  to  94  centimetres  of 
mercury  at  a  temperature  of  200*  C.  The  lighter  the  oil,  the  more 
nearly  it  approached  the  temperature  and  pressure  of  steam.  At 
lower  temperatures  the  oils  exhibited  great  differences  of  pressure, 
but  at  the  lowest  temperature  tested,  about  80*  C,  all  gave  nearly 
the  same  pressure — viz.,  about  80  centimetres  of  mercury  (absolute 
pressure).  At  temperatures  below  100*  C,  the  pressure  of  water 
vapour  was  very  much  higher  than  that  of  any  oil. 

The  pressure  of  air  at  a  given  temperature  being  known,  it 
is  possible,  with  the  help  of  these  valuable  tables,  to  determine 
approximately  the  temperature  and  pressure  of  petroleum  vapour, 
and  therefore  the  work  which  should  be  obtained  from  a  mixture 
of  oil  and  air  in  the  cylinder  of  an  engine.  Much,  however,  remaios 
to  be  done,  and  at  present  we  know  little  about  the  action  of 
petroleum  when  subjected  to  considerable  heat  in  a  motor.  The 
difficulties  of  the  subject  are  increased  by  the  complex  constitu- 
tion of  oil.  The  latent  heat  of  evaporation  of  petroleum  is 
about  one-ninth  that  of  water — that  is,  the  same  quantity  of  heat 
will  evaporate  nine  times  as  much  oil  of  average  specific  gravity 
as  water,  but  the  expansion  of  the  vapour  is  only  one-fifth  that 
of  water  vapour  or  steam.  Hence  the  same  quantity  of  heat 
will  produce  {  or  1*8  times  as  much  oil  vapour  as  steam  from 
water.  The  above  data  are  from  Professor  Robinson's  able 
lectures  at  the  Society  of  Arts  on  "The  Uses  of  Petroleum  in 
Prime  Motors,"  to  which  the  student  is  referred  for  an  exhaustive 
treatment  of  the  subject.  Professor  Robinson  has  been  the  first, 
as  far  as  the  author  is  aware,  to  make  a  special  study  of  this 
difficult  question. 

Utilisation  of  Oil. — Having  thus  considered  the  chemical 
composition  and  properties  of  oil,  it  will  be  evident  that,  though 
it  can  be  utilised  in  many  ways  to  produce  heat,  the  process  is 
complicated,  because  its  constituents  vary  so  widely.  There 
are  four  methods  by  which  petroleum  may  be  used  to  generate 
mechanical  energy  in  a  heat  motor. 

I.  As  liquid  fuel  it  is  burnt  under  a  boiler  to  evaporate  water. 
*  Absolute  pressure  is  14*7  lbs.  below  the  pressure  of  the  atmosphere. 
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In  thia  case  the  petroleum  is  simply  used  as  fuel,  and  produces 
the  same  effect.  It  is  injected  through  a  noszle,  with  a  proper 
admixture  of  steam  and  air,  into  the  furnace,  where  it  is  burnt  in 
the  ordinary  way.  The  heaviest  petroleum  and  oil  refuse  may  be 
thus  employed  to  generate  heat;  the  greater  the  specific  gravity 
of  the  oil,  the  better  suited  it  is  for  fueL 

II.  Petroleum  may  be  subjected  to  destructive  distillation  in 
a  retort,  and  turned  into  a  fixed  gas,  in  the  same  way  that  lighting 
gas  is  distilled  from  coal.  Any  oil  may  be  treated  in  this  manner, 
but  the  best  for  distilling  are  the  intermediate  oOs,  which  are 
neither  so  light  that  they  escape  before  they  can  be  gasified,  nor 
so  heavy  that  they  cannot  easily  be  broken  up.  The  oil  gas 
thus  produced  is  exceedingly  rich,  having  twice  the  heating  value 
of  ooal  gas.  Mixed  with  air  in  proper  proportions,  this  gas  is 
introduced  into  the  cylinder  of  an  engine,  and  the  force  of  the 
explosion  drives  the  piston  forward,  as  in  a  gas  engine. 

III.  The  lighter  and  more  volatile  constituents  of  petroleum, 
such  as  gazolene,  benzine,  petroleum  spirit,  essence  or  naphtha, 
are  used,  in  the  same  way  as  oil  gas,  to  work  a  motor.  The  spirit 
is  previously  prepared,  and  the  heavier  hydrocarbons  withdrawn. 
Except  that  the  power  necessary  to  drive  the  engine  is  obtained 
by  explosion,  the  action  of  the  volatile  spirit  is  similar  to  that  of 
steam  in  a  steam  engine,  the  spirit  being  condensed,  re-evaporated, 
and  used  continuously,  as  in  the  Tarrow  spirit  launch*  The  same 
spirit  is  also  used  as  a  fuel  to  vaporise  the  working  agent. 

lY.  Ordinary  petroleum  is  evaporated  at  a  moderate  temperature 
in  an  apparatus  contiguous  to  the  engine,  and  mixed  wim  air  is 
used,  as  in  the  spirit  engine,  to  drive  the  piston  by  the  force  of 
explosion.  Here  also  the  oil  constitutes  both  the  fuel  and  the 
working  agent.  Usually  it  is  wholly  vaporised,  and  burnt  in  the 
engine  cylinder,  but  sometimes  a  heavy  residuum  is  left. 

VariouB  Methods.— All  these  methods  of  utilising  petroleum 
as  fuel  present  difficulties,  owing  to  the  complex  nature  of  the 
oil,  except  when  it  is  evaporated  as  a  pure  spirit.  It  was  long 
thought  impossible  to  bum  the  heavy  astatki,  but  when  con- 
verted into  spray  by  injecting  steam  or  air  into  it,  it  can  under 
certain  circumstances  be  profitably  employed.  When  the  petro- 
leum is  turned  into  a  fixed  gas,  without  the  addition  of  air, 
difficulties  arise,  because  the  gas  becomes  laden  with  tarry  pro- 
ducts which,  unless  it  is  well  washed  and  cooled,  clog  the  pipes 
and  valves.  There  is  another  obstacle  when  the  lighter  con- 
stituents of  petroleum  are  utilised  in  an  engine.  These  are 
given  off  at  different  temperatures,  and  the  process  is  assisted 
i£  a  large  surface  of  the  oil  is  brought  in  contact  with  the  air. 
It  is  therefore  agitated  mechanically,  the  whole  of  the  volatile 
constituents  are  gradually  evaporated,  and  a  heavy  residuum 
remains,  which  is  usually  wasted.  Some  foreign  inventors  prefer 
to   utilise    only  the   lighter   and   more   infiammable   portions    of 
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the  oil,  and  to  uorifioe  the  remainder,  thereby  obtaining  quicker 
evaporation,  more  power,  and  cleaner  combustion  than  with  heavier 
oils,  though  the  oonsumption  is  greater.  But  the  method  more 
generally  employed  in  oil  engines,  as  safer  and  less  wasteful,  is  to 
evaporate  the  whole  of  the  oil,  and  this  requires  the  application 
of  heat 

We  will  now  consider — I.  Petroleum  as  fuel,  and  II.  Petroleum 
when  converted  into  oil  gas.  In  the  next  chapter  we  shall  treat 
of  III.  The  use  of  Petroleum  spirit,  and  IV.  Crude  Petroleum  in 
oil  engines. 

I.  Petroleum  as  Fuel. — The  advantages  of  petroleum,  when 
burned  as  liquid  fuel,  are  so  great  that  it  is  safe  to  predict  it 
will  in  time  compete  with  coal  and  other  fuels,  and  become  an 
importent  factor  in  the  commerce  of  the  world.  There  are  now 
on  the  Caspian  forty  '*oil  steamers,"  in  which  the  boilers  are  fired 
with  astatki  All  the  locomotives  on  the  Tsaritzin  and  Graa 
Bailway  in  south-east  Russia  are  fitted  with  an  apparatus  for 
burning  petroleum  refuse,  instead  of  coal,  under  their  boilers. 
Coal  in  that  part  of  Russia,  being  dear  and  scarce,  the  economy 
thus  realised  is  considerable.  In  fact,  the  Baku  oil  fields  have 
created  the  Caspian  fleet  The  uses  to  which  ))etroleum  is  now 
being  turned  in  Russia,  where  the  oil  is  obtained  on  the  spot^  will 
probably  be  extended  to  other  parts  of  Eastern  Europe. 

I>iffloultie6. — The  difficulties  attached  to  the  use  of  petroleum 
as  fuel  are— firsty  its  complex  constitution ;  secondly,  its  inflam- 
mable nature ;  and  thirdly,  its  cost  The  two  first  do  not  apply  to 
astatki  or  petroleum  refuse.  The  heavy  oil  used  on  the  Russian 
railways  is  scarcely  more  infiammable  than  coal,  and  there  is 
consequently  no  danger  in  using  it  This  was  proved  during  an 
accident  on  the  line,  when  an  engine  and  carriages  left  the  rails, 
and  the  tank  of  astatki  in  the  tender  did  not  ignite.  The  con- 
stitution of  the  petroleum  is  also  &irly  uniform,  because  all  the 
volatile  hydrocarbons  have  been  evaporated,  and  though  it  is  heavy 
and  difficult  to  break  up  into  spray,  yet  when  combined  with  injec- 
tions of  steam  and  air  it  forms  a  safe  and  excellent  combustihle. 
At  present,  however,  it  can  only  be  used  in  countries  producing 
it,  on  account  of  the  cost  of  transport.  In  England  it  is  not  likely 
to  compete  with  native  coal,  but  it  may  in  the  future  be  found  in 
our  Colonies  and  Dependencies,  and  there  be  turned  to  great 
advantage  for  locomotive  and  marine  engines.  The  steamships  of 
the  ChiUan  Company  use  100,000  tons  of  petroleum  yearly.  An 
abundant  supply  is  found  in  Peru,  and  oil  fields  are  also  being 
opened  up  in  Ecuador.  In  Scotland  we  have  an  almost  unlimited 
quantity  of  shale,  capable  of  yielding  120  gallons  of  oil  per  ton,  but 
it  is  chiefiy  utilised  at  present  for  making  gas,  and  for  metal- 
lurgical and  other  processes. 

Advantages. — The  first  advantage  of  using  petroleum  as  fuel, 
whether  under  boilers  or  in  the  cylinder  of  an  engine,  is  its  purity. 
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It  contains  no  sulphur,  and  is  said  to  give  off  little  or  no  smoke. 
If  the  oil  is  perfectly  consumed,  petroleum  is  the  cleanest  of  all 
fuel.  Where  the  oil  is  used  as  liquid  fuel  to  evaporate  water,  heat 
is  economised  because,  as  it  passes  automatically  into  the  furnace 
from  a  tank,  it  is  not  necessary  to  open  the  fire  door,  and  the 
temperature  of  the  furnace  is  not  lowered.  Petroleum  is  also 
more  convenient  to  store,  and  occupies  less  space  than  a  corre- 
sponding quantity  of  coal.  Lastly,  it  is  of  much  greater  heating 
value,  as  shown  by  the  amount  of  water  it  evaporates  per  lb.  of 
fuel.  It  has  twice  the  evaporative  power  of  some  coal.  Professor 
Robinson  quotes  figures  to  show  that  it  evaporates  at  least  50  per 
cent,  more  steam  than  best  Durham  steam  coal.  Russian  petroleum 
refuse  burnt  in  a  series  of  shallow  troughs  under  ordinary  boilers 
evaporated  14^  lbs.  of  water  per  lb.  of  refuse;  coal  burnt  in  the 
same  boiler  gave  an  evaporation  of  7  to  8  lbs.  water  per  lb.  of  coal. 
So  high  a  result  is  not  obtained  when  the  astatki  is  sprayed. 
Professor  Unwin  tested  the  evaporative  value  of  petroleum  under 
a  steam  boiler,  and  found  it  to  be  12*16  lbs.  water  (from  and  at 
212**^)  per  lb.  of  oil  burned.  The  rate  of  evaporation  was  075 
lb.  water  per  square  foot  of  heating  surface.  He  estimates  the 
calorific  value  of  the  petroleum  he  used  at  about  25  per  cent, 
higher  than  an  equal  weight  of  Welsh  coal. 

Iiiquid  Fuel. — It  is  on  the  Russian  Souih-Eastem  Railway 
that  the  value  of  petroleum  as  fuel  for  evaporating  steam  in 
locomotives  has  been  thoroughly  tested.  Mr.  Urquhart,  the  able 
superintendent  of  the  line,  has  by  degrees  replaced  coal  by 
petroleum  in  almost  all  the  eni^nes  under  his  charge.  In  the  oil 
obtained  at  Baku  there  is  a  residuum  of  70  to  75  per  cent,  after  the 
volatile  naphtha  and  ordinary  kerosene  have  been  drawn  off  by 
distillation,  and  prior  to  its  utilisation  under  boilers  on  this  railway 
enormous  quantities  of  this  refuse  were  thrown  away.  Before 
1882  the  locomotives  were  fired  with  anthracite,  but  after  various 
attempts  Mr.  Urquhart  succeeded  in  altering  the  shape  of  the  fire 
box  and  tubes  to  burn  petroleum.  Up  to  1894  there  were  about 
420  miles  of  railway  on  the  Grazi-Tsaritzin  line,  and  some  150 
engines  were  fired  with  petroleum.  The  specific  gravity  of  the  oil 
used  varies  from  0*889  to  0*911,  and  its  weight  is  55  to  56  lbs.  per 
cubic  foot. 

The  tank  containing  the  petroleum  is  placed  for  safety  inside  the 
feed-water  tank  in  the  tender.  The  oil  is  drawn  from  the  tank 
through  a  pipe,  terminating  in  a  nozzle,  and  injected  into  the 
furnace.  The  size  of  the  orifice  has  been  carefully  determined  by 
experiments.  A  smaller  tube  containing  steam  from  the  boiler 
passes  down  the  centre  of  the  oil  pipe ;  the  steam  and  oil  mingle  at 
the  mouth  of  the  nozzle,  and  are  injected  as  fine  spray  into  the  fire 
box.  At  the  junction  of  the  tube  and  fire  box  they  are  open  to  the 
atmosphere,  and  the  air,  having  free  access,  is  drawn  by  suction  to 
the  nozzle,  and  enters  with  the  steam  and  oil.     The  force  of  the 
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mingled  blast  is  sufficient  to  break  up  the  oil  into  very  fine  apr&j, 
which  is  driven  against  a  firebrick  division  in  the  lower  part  of 
the  fire  box,  and  thus  still  further  subdivided,  before  it  rises  into 
the  upper  part  of  the  furnace  as  flame.  A  bridge  of  firebrick  is 
now  used  to  divide  the  fire  box  into  two  sections,  and  round  and 
through  this  each  jet  of  air,  steam,  and  petroleum  vapour  has  to 
pass.  The  actual  arrangements  of  the  fire  box,  &c.,  varv  of  course 
with  the  class  of  boiler  used,  whether  marine,  horizontal,  or  vertical. 
Besides  the  locomotives,  a  great  many  stationary  boilers  are  fir«d 
with  petroleum.  It  was  at  first  found  difficult  to  keep  the  oil  in  a 
proper  liquid  state  during  the  severe  Russian  winters.  A  certain 
quantity  of  solar  oil  (one  of  the  lighter  oils  obtained  from  petroleum) 
is  now  added  to  it,  and  steam  is  carried  from  the  locomotive  boiler 
through  the  oil  tank  to  heat  it^  by  means  of  a  coil  of  pipes. 

Cost  of  Working. — As  regards  the  cost  of  working  with 
petroleum,  the  best  proof  of  its  economy  is  the  fact  that  from  1882, 
when  it  was  first  used  on  this  railway,  to  1888,  it  gradually  and 
entirely  superseded  ooal.  The  saving  in  money  is  stated  by  Mr. 
Urquhart  to  be  43  per  cent.  In  1882  the  consumption  of  coal  per 
engine  mile,  including  wood  for  lighting  up,  was  55*65  lbs.,  costing 
7*64d.  In  1887  30*72  lbs.  of  petroleum  refuse  were  used  per  engine 
mile,  costing  4*43d.  The  expense  of  repairs  was  also  much  less, 
owing  to  the  absence  of  sulphur  in  the  oil.  Other  railways  in 
Russia  are  now  beginning  to  adopt  petroleum  as  fuel.  The  locomo- 
tives on  the  Trans-Caspian  lines  are  fired  with  it,  as  no  other  com- 
bustible is  available,  and  the  stores  of  liquid  fuel  will  probably 
form  an  important  factor  in  the  Russian  advance  across  Central 
Asia. 

On  the  question  of  the  evaporative  power  and  heating  value  of 
petroleum,  as  compared  with  coal,  Mr.  Urquhart  speaks  with 
authority.  He  estimates  the  heating  power  of  petroleum  refuse 
at  19,832  B.T.U.,  and  of  an  equal  weight  of  good  English  coal  at 
14,112  RT.U.  Theoretically,  1  lb.  of  petroleum  refuse  evaporates 
17*1  lbs.  of  water  at  a  pressure  of  8^  atmospheres,  while  1  lb.  of 
good  English  coal  evaporates  12  lbs.  of  water  under  the  same  con- 
ditions. In  practice  he  found  that  the  petroleum  used  on  his 
engines  evaporated,  at  this  pressure,  14  lbs.  water  per  lb.,  or  82 
per  cent,  of  the  total  possible  evaporation. 

Petroleum  on  an  English  Railway. — Some  kinds  of  heavy 

Ctroleum  are  also  utilised  as  fuel  on  the  Great  Eastern  Railway, 
r.  Holden,  the  locomotive  superintendent,  finding  much  difficulty 
in  getting  rid  of  the  refuse  from  shale  oil  distilleries,  tar  from  oil 
gas,  green  oil,  creosote,  and  other  heavy  residuum,  has  adopted  a 
method  somewhat  similar  to  the  Russian  plan,  for  burning  them 
under  boilers  instead  of  coal.  The  oil  used  is  entirely  heavy  refuse, 
thicker  and  less  easy  to  evaporate  than  Russian  astatki.  It  is 
conveyed  from  the  tank  through  a  pipe,  and  injected  into  a  furnace, 
while  the  air  passes  to  the  spraying  nozzle  through  a  central  pip^ 
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and  steam  is  twice  sprayed  on  to  the  petroleum  before  it  is  suffi- 
ciently volatilised  to  be  converted  into  fuel.  In  all  cases  where 
heavy  oils  are  brokenr  up  by  injection,  superheated  steam  is  found 
most  effectual.  The  injector  is  in  three  annular  concentric  parts. 
The  liquid  petroleum  enters  one  passage,  a  jet  of  superheated  steam 
passes  through  another,  carrying  with  it  a  current  of  air  down  the 
central  tube.  Before  the  oil  reaches  the  nozzle  it  is  broken  up  into 
spray  by  the  steam  jet.  After  the  petroleum,  steam  and  air  are 
sprayed  into  the  fire  box,  a  separate  supply  of  superheated  steam 
is  injected  into  the  petroleum,  and  completely  atomises  it.  The 
vaporised  liquid  strikes  against  brickwork  in  the  fire  box,  is  broken 
up,  and  forms  a  broad,  concentrated  flame.  On  the  bars  of  the 
grate  a  thin  layer  of  fuel,  usually  cinders  mixed  with  chalk,  is  kept 
burning,  to  maintain  a  uniformly  high  temperature,  to  decompose 
the  oil,  and  ignite  the  spray.  Arrangements  are  made  to  fire  the 
boilers  with  oil  or  coal,  according  to  the  price  at  which  they  can  be 
procured.  It  is  sometimes  cheaper  to  burn  one,  sometimes  the 
other.  As  with  the  astatki  burnt  on  the  Russian  railways,  the  oil 
is  so  thoroughly  mixed  with  steam  and  air  that  there  is  no  smoke. 
The  mixture  employed  by  Mr.  Holden  consists  of  two  parts  coal 
tar,  and  one  part  green  oil.  The  same  system  of  firing  locomotives 
with  oil  refuse  is  used  on  the  Great  Western  Railway  in  the 
Argentine  Republic,  where  there  are  abundant  oil  fields. 

Petroleum  for  Marine  Purposes. — Marine  boilers  have  often 
been  fired  by  petroleum.  About  1867  experiments  were  made  by 
Mr.  Isherwood,  of  the  United  States  Navy,  on  board  the  gunboat 
<<  Pallas,"  on  liquid  petroleum  as  fuel.  He  was  convinced  of  its 
superiority  to  coal  in  heating  value,  convenience  of  storage,  weight, 
bulk,  absence  of  stoking,  and  consequent  saving  of  manual  labour. 
He  found  also  that  the  lighter  oils,  which  explode  very  easily, 
burn  completely,  and  leave  no  deposit.  Against  these  advantages 
must  be  set  the  drawback  of  using  petroleum  to  any  great  extent  as 
marine  fuel — namely,  the  danger  of  carrying  an  inflammable  oil, 
giving  off  volatile  gases  at  a  low  temperature,  in  bulk  at  sea  For 
this  reason,  no  kinds  of  oil  but  heavy  residuum  and  astatki  are 
likely  to  be  used  at  present  for  marine  purposes,  except  on  small 
ships.  The  oil  tested  by  Isherwood  was  utilised  in  the  same  way 
as  on  the  Russian  and  Great  Eastern  Railways — namely,  injected 
into  the  furnaces,  after  being  thoroughly  mixed  with  steam  and  air. 
Petroleum  refuse  is  as  cheap  in  America  as  on  the  shores  of  the 
Caspian. 

II.  Oil  Gkus. — The  manufacture  of  gas  from  oil  differs  little  in 
principle  from  the  process  of  distilling  gas  from  coaL  The  oil  is 
dropped  or  poured  into  a  retort  kept  at  a  strong  heat,  and  the 
vapour  given  off  is  purified,  washed,  and  cooled  in  the  same  way  as 
lighting  gas.  All  oils  are  not  equally  fit  for  gas  making.  Very 
heavy  oils,  as  tar  or  blast  furnace  oils,  creosote,  &c.,  though  they 
are  vaporised  for  a  time  by  the  application  of  heat,  condense  again 
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imd«r  preuare,  and  oannot  be  conyerted  into  a  fixed  gas.  The 
best  waj  of  ntiliiing  them  ia  to  born  them,  as  already  described, 
under  locomotive  or  other  boilers.  Oil  of  low  specific  gravitj,  as 
petroleam  spirit,  is  too  Tolatile  and  evaporates  too  readily.  For 
making  gas  the  best  oils  are  the  intermediate,  such  as  Scotch 
shale  oil,  which  are  too  heavy  to  be  vaporised  completely  in  an  oil 
engine,  bat  are  found  to  yield  a  very  rich  ffas,  well  adapted  for  ihe 
puipose  of  driving  motors.  Vegetable  ous  and  animal  grease,  fat 
or  dripping  can  also  be  used  in  this  way.  Such  motors,  however, 
worked  with  oil  gas  in  the  same  way  as  a  gas  engine  is  driven 
with  lighting  or  cheap  gas,  are  not  oil  engines,  properly  so^alled, 
and  must  be  distinguished  from  them.  They  do  not,  as  in  tme  oil 
engines,  prepare  the  fuel  for  combustion,  as  well  as  utilise  it  in 
ignition  and  explosion.  They  are  in  reality  gas  engines,  the  gas 
used  being  distilled  from  oil  instead  of  from  coaL  Nor  is  the 
economy  so  great  as  in  oil  motors,  because  heat  must  be  applied, 
first  to  turn  the  oil  into  gas,  and  then  to  convert  the  gas  into 
energy.  In  oil  engines  one  application  of  heat  suffices  fbr  both 
purposes,  but  the  power  generated  is  not  so  great. 

IMatUlation  of  Oil  Qbs. — The  method  of  distilling  oil  does 
not  vary  much  in  the  different  systems,  though  it  is  usually 
necessary  to  modify  the  process  slightly,  to  suit  the  oil  or  other 
refuse  utilised.  Thus  in  Alsace  and  in  parts  of  France  where 
there  are  deposits  of  bituminous  schist,  the  crude  petroleom 
refuse  is  allowed  to  fall  in  a  thin  stream  into  the  retort,  which 
is  kept  at  a  dull  red  heat  by  means  of  a  fire  beneath,  aod  after 
being  purified  the  oil  gas  is  stored  ready  for  use.  The  gas  obtained 
has  twice  the  calorific  value  of  the  same  volume  of  coal  gas.  In 
another  process,  where  a  wrouffht-iron  retort  is  heated  to  a  cberrj 
red  by  a  furnace,  the  gas  distilled  has  about  four  times  the  calorific 
value  of  coal  gas,  and  costs  about  60  centimes  per  cubic  metre. 
The  quality  of  the  gas  depends  chiefly  on  the  temperature  of  the 
retort.  In  other  countries  various  substances  are  successfully 
distilled  to  produce  oil  gas,  such  as  linseed  oil  in  Brazil,  castor 
oil  in  Burmah,  palm  oil  in  West  Africa,  mutton  fat  in  Australia 
and  South  America,  and  in  general  fatty  refuse  of  all  kinds, 
wherever  it  is  found  in  abundance.  In  Great  Britain  oil  gas  is 
usually  made  from  Scotch  shale  oil,  of  specific  gravity  0*84  to  0*87, 
flashing  point  from  235*"  F.  to  250*  F.,  and  yielding  about  100  cubic 
feet  of  gas  per  gallon.  The  heating  value  of  this  intermediate  oil 
is  much  increased,  if  the  oil  be  injected  into  the  retort  by  means- of 
steam  jets.  The  steam  is  decomposed  by  the  heat ;  CO  is  formed 
by  the  combination  of  the  oxygen  in  the  steam  and  the  carbon  in 
the  oil,  and  deposit  of  solid  carbon  is  prevented.  This  was  the 
method  followed  in  Rogers'  oil  gas  apparatus. 

The  first  oil  gas  producer  was  introduced  into  England  in  1815 
by  Mr.  John  Taylor,  of  Stratford,  Essex.  The  oil  was  passed 
successively   through    two    retorts,    to    vaporise    it    thoroughly. 
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Experience  has  since  shown  that  one  retort,  if  kept  steadily  at  a 
proper  temperature,  is  sufficient  to  volatilise  all  the  lighter  hydro- 
carbons contained  in  the  oil,  and  convert  them  into  gas. 

Oil  Qbs  Producers — Mansfield. — The  Mansfield  oil  gas  ap- 
paratus is  one  of  the  oldest  producers,  and  that  most  oommonly 
used.  Ckks  can  be  made  in  it,  not  only  from  petroleum,  but  firom 
any  kind  of  oil,  fat,  d^o.,  and  also  from  wood,  coal,  or  coke.  Fig. 
109  gives  an  external  elevation  of  this  producer.  A  is  the 
receptacle  containing  the  oil  or  fat,  which  becomes  gradually  heated 
and  liquefied,  if  solid,  by  the  heat  from  the  retort  below.  From 
here  the  oil  passes  in  a  thin  continuous  stream  into  the  siphon  pipe 
S,  where  it  is  vaporised,  and  conducted  through  the  wide  tube  or 
hood,  B,  to  the  retort,  R,  in  which  it  is  further  decomposed,  and 
made  into  a  permanent  gas.  The  retort  is  placed  in  the  centre  of 
a  cast-iron  casing,  0,  lined  with  fire  brick,  L.  Before  any  oil  is 
admitted  the  brick  lining  is  heated,  and  the  retort  brought  to  a 
cherry  red  heat,  or  a  temperature  of  1600°  to  1800*  F.,  by  the  fire 


Fig.  lOO.^Mansfield  Oil  Oas  Prodaoer. 

F  under  the  retort.  Unless  combustion  is  carefully  adjusted  by 
means  of  the  damper  D  at  the  top  of  the  furnace,  regulating  the 
discharge  of  the  products  of  combustion,  and  the  openings  M 
below,  admitting  the  cold  air,  the  quality  of  the  gas  is  affected. 
The  cock  through  which  the  oil  passes  into  the  pipe  S  is  not  opened 
until  the  retort,  as  seen  through  the  sight  hole  p,  has  been  heated 
to  a  cherry  red.  The  gases  from  R  pass  through  the  hood  B  down 
the  stand  pipe  P  to  the  hydraulic  box  H,  where  they  are  washed, 
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and  freed  from  tbe  tarry  products  given  off  in  the  mannfiMture  of 
gas,  bj  forcing  them  through  water.  The  hood  B  rests  upon  two 
sockets.  O,  above  the  retort,  is  filled  with  lead,  which  melts  with 
the  heat,  the  hood  sinks  into  it,  and  an  impervious  joint  is  thus 
formed  during  the  gas  making  process.  The  other  socket,  K,  is 
filled  with  water  to  prevent  the  escape  of  gas  unless  there  is  any 
undue  pressure,  when  it  forces  its  way  out  At  Y  is  another 
safety  valve,  in  case  too  much  gas  is  produced ;  the  tarry  deposits 
are  withdrawn  through  tbe  door  N.  The  purified  gases  then  pass 
through  the  pipe  Q  to  a  gasholder. 

Two  things  are  necessary  to  make  good  gas  in  tbe  Mansfield 
producer.  The  beat  of  the  retort  must  be  sufficiently  intense  to 
decompose  tbe  oil,  and  the  stream  of  oil  must  be  so  regulated  that 
no  more  passes  in  at  a  time  than  will  produce  a  rich  gas.  With 
intermediate  oil,  1000  cubic  feet  of  gas  are  made  from  7  to  9|^ 
gallons  of  oil,  or  about  100  cubic  feet  per  gallon.  Tbe  total  cost  of 
oil  and  fuel,  with  oil  at  4|d.  per  gallon,  is  about  6d.  per  100  cubic 
feet  This  seems  to  be  much  more  expensive  than  coal  gas  in 
England,  but  as  the  gas  is  said  to  have  three  times  the  power  and 
heating  value,  it  is  perhaps  not  dearer  in  tbe  end.  Abroad,  where 
the  cost  of  coal  is  usually  greater,  power  may  sometimes  be  most 
cheaply  obtained  by  an  engine  driven  with  gas  made  from  oil  or  &t 
in  a  Mansfield  producer.  At  the  Melbourne  Exhibition  in  1888, 
an  Otto  engine  was  driven  by  gas  thus  generated  from  dripping  or 
&t,  at  the  rate  of  100  to  120  cubic  feet  per  gallon.  The  ff ashing 
point  of  the  fat  was  above  400*"  F.,  and  it  was  previously  liquefied 
by  a  burner.  Tangye  and  Crossley  gas  engines  up  to  100  H.P. 
have  been  successfully  driven  with  Mansfield  oil  gas  in  England 
and  abroad ;  the  consumption  is  said  to  be  less  than  one-third  that 
of  coal  gas.  It  has  also  been  used  to  drive  a  30  H.P.  National  gas 
engine,  and  there  are  a  large  number  of  Mansfield  oil  gas  plants  in 
India. 

Keith. — The  Keith  oil  gas  producer  is  especially  adapted  for 
oil  rnade  from  Scotch  shale.  The  principle  on  which  the  gas  is 
made  is  the  same  as  in  tbe  Mansfield  producer,  but  the  process  is 
said  to  be  more  rapid.  The  oil  filters  down  through  shallow  iron 
troughs  placed  in  the  retort,  till  it  reaches  tbe  lowest  part,  where 
the  temperature  is  highest.  Here  it  is  converted  into  a  gas  and  led 
off  to  the  washer,  and  then  direct  to  the  gasholder,  where  it  is 
cooled  and  stored.  The  pipes  are  large,  and  the  pressure  of  tbe 
gas  is  kept  low  until  it  has  passed  to  tbe  holder.  As  it  is  prin- 
cipally intended  to  drive  engines,  it  is  unnecessary  to  purify  it 
further.  For  illuminating  purposes  it  is  again  passed  through 
lime  and  sawdust,  and  after  it  has  reached  the  holder,  the  pres- 
sure is  raised  by  compression  pumps  to  150  lbs.  per  square  inch. 
The  gas  produced,  of  60  candle  power,  is  exceedingly  rich,  and 
too  powerful  to  use  in  a  gas  engine  without  altering  the  valves 
and  passages.     It  is,  therefore,  diluted  with  air  in  an  apparatus 
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called  a  mixer,  in  the  proportion  of  35  parts  by  volume  of  air  to 
65  parts  of  oil  gas,  and  is  then  of  about  the  same  strength  as  the  light- 
ing gas  used  in  motors.  It  is,  of  course,  again  diluted  with  the  proper 
proportion  of  air,  when  introduced  into  the  cylinder  of  an  engine. 

The  most  important  application  of  the  Keith  oil  gas  process  is 
on  the  Ailsa  Craig  lighthouse  in  Scotland.  Here  it  supplies  five 
8  H.P.  Otto  gas  engines,  working  the  air  compressors  for  the  two 
fog  signals.  There  are  four  air-pump  cylinders,  each  10  inches 
diameter  and  18-inch  stroke ;  they  are  driven  at  a  speed  of  160 
revolutions,  and  the  air  is  compressed  to  75  lbs.  per  square  inch. 
The  fog  signals  are  in  different  parts  of  the  island,  at  a  consider- 
able distance  from  the  air  compressing  station.  To  supply  power 
lor  fog  signals,  which  are  often  required  at  a  few  minutes'  notice, 
gas  engines  are  of  special  value,  because  they  can  be  started 
without  delay.  In  this  lighthouse  twelve  gas  retorts  are  used, 
producing  10,000  cubic  feet  in  four  hours  from  100  gallons  of 
ordinary  illuminating  paraffin,  distilled  from  Scotch  shale.  From 
20  to  30  cwts.  of  coal  are  required  to  heat  the  retorts.  The  four 
engines  consume  26  cubic  feet  of  pure  oil  gas  per  H.P.  per  hour, 
or  6*5  cubic  feet  for  each  engine.  The  output  is  rather  expensive, 
owing  to  the  isolated  position  of  the  lighthouse,  and  cost  of 
carriage  of  coal  and  oil. 

PintBOh. — The  Pintsch  oil  gas  system  differs  from  those 
already  described,  because  the  oil,  being  intended  for  illumina- 
tion, is  more  thoroughly  purified.  It  is  introduced  successively 
into  two  retorts,  one  above  the  other.  The  upper,  into  which  the 
oil  first  enters  through  an  inverted  siphon,  is  kept  at  a  moderate 
temperature;  the  lower  retort,  in  which  the  process  of  evaporation 
is  completed,  is  at  a  cherry  red  heat.  As  it  enters  the  oil  is 
received  on  sheet-iron  trays,  over  which  it  passes  to  the  upper 
retort,  and  descends  through  pipes  to  the  lower.  It  has  now 
become  a  thick  yellow  vapour,  in  which  shape  it  enters  a  hydraulic 
box,  where  it  is  partially  washed,  and  thence  passes  to  the 
condenser,  the  tar  being  carried  off  by  overflow  pipes  to  a  separate 
tank.  The  gas  is  finally  purified  by  forcing  it  through  a  vessel, 
the  lower  part  of  which  is  filled  with  water,  and  the  upper  with 
lime  and  sawdust.  When  cooled,  it  can  be  stored  in  the  con- 
denser at  a  pressure  of  about  10  atmospheres.  The  illuminating 
power  of  the  gas  produced  is  about  40  or  50  candles,  but  the 
pressure  causes  it  to  lose  20  per  cent,  of  its  lighting  power.  The 
best  and  cheapest  oil  for  the  purpose  is  Scotch  intermediate  oil, 
having  a  specific  gravity  of  about  0*840,  and  yielding  between  80 
and  90  cubic  feet  of  gas  per  gallon  of  oil.  The  price  of  the  gas 
varies  according  to  the  cost  of  the  oil,  fuel,  <fec.,  from  5s.  6d,  to  16s. 
per  1000  cubic  feet.  Compressed  Pintsch  oil  gas  is  now  largely 
employed  for  lighting  railway  carriages,  at  a  cost  of  about  6s.  to  7s. 
per  1000  cubic  feet,  and  many  railways  have  their  own  gas  plants. 
It  is  also  much  used  for  lighting  buoys  at  sea  and  in  rivers. 
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CHAPTER     XVIII, 

METHODS  OP  TBEATIN6  OIL-CARBUSATORS— 
EARLY  on  EMOIMES. 


CoirmrTS.— Oil   Moton  —  DutillatioD    of    Oil— Carbunton  —  ] 

Meyer— UtUiMtiao—VapwiMtioa  of  Oil— Early  Oil   Engiiies— Hock— 
Brayton-— Spiel — Siemena. 

Oil  Motors. — Haying  examined  the  first  and  second  methods  of 
applying  oil  to  produce  oiotiTO  power,  and  considered  it — I.  as 
liquid  fuel,  and  IL  as  a  gas — we  now  come  to  the  study  of  oil 
motors,  properly  so-called.  Gas  engines,  though  &r  more  handy 
than  steam,  are  not  suitable  for  every  purpose  for  which  motive 
force  is  required  For  small  powers,  where  steam  cannot  be  used 
because  of  the  compliration  of  a  boiler,  nor  gas,  when  no  gas  works 
are  near,  petroleum  engines  supply  a  want»  and  have  undoubtedly 
a  great  future  before  them.  It  is  a  pecularity  of  these  motors  that 
the  fuel  is  delivered  to  them  direct,  so  to  speak,  in  its  original 
condition.  In  a  steam  engine  and  boiler,  the  water  must  firs^  be 
evaporated  over  a  furnace ;  in  a  gas  motor,  the  working  agent  must 
either  be  distilled  in  a  retort,  or  produced  in  a  generator.  The  fuel 
for  a  petroleum  engine  may  be  purchased  almost  anywhere.  An 
oil  engine  is  self-contained,  and  independent  of  any  external 
adjunct ;  but  in  turning  this  advantage  to  account,  the  difficulties 
of  the  constructor  are  somewhat  increased  Not  only  must  the 
engine  be  designed  to  utilise  the  working  agent,  and  obtain 
mechanical  energy  from  it,  but  the  working  agent  must  itself  be 
produced,  and  the  fuel  prepared  for  combustion. 

There  are  two  methcfds.  Classes  III.  and  IV.  of  the  divisions  in 
the  preceding  chapter,  by  which  oil  may,  in  the  cylinder  of  an 
engine,  be  turned  into  a  source  of  energy,  viz. : — 

III.  Light  petroleum  spirit,  naphtha,  benzoline,  or  carburetted 
air  is  exploded,  and  drives  out  the  piston  of  an  engine  by  the 
expansion  of  the  s^ases. 

lY.  Ordinary  lighting  or  intermediate  oil  is  also  used  to  drive 
an  engine  by  explosion  and  expansion,  after  its  evaporation  and 
conversion  into  petroleum  spray.  In  Class  III.,  atmospheric  air 
at  ordinary  temperature  and  pressure  is  charged  with  volatile 
spirit ;  in  Class  IV.,  the  petroleum  is  pulverised  and  broken  up 
into  spray  by  h  current  of  air  and  the  application  of  heat. 

It  must  not  be  supposed,  however,  that  all  oil  engines  can  be 
rigidly  classed  under  either  of  these  two  divisions,  because  of  the 
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complex  nature  of  petroleum,  and  the  different  temperatures  at 
which  it  evaporates.  In  one  engine,  driving  the  Yarrow  spirit 
launch,  nothing  is  used,  with  due  precautions,  but  pure  and  rather 
dangerous  petroleum  spirit  or  ether.  In  a  few  motors,  as  the 
Priestman,  the  oil  is  so  pulverised  and  converted  into  spray,  that 
the  whole  is  evaporated,  and  no  residuum  left.  There  are  also  a 
number  of  oil  engines  evaporating  more  or  less  of  the  volatile 
constituents  of  the  petroleum,  and  with  a  proportionally  large  or 
small  refuse,  according  to  the  amount  of  heat  applied  during  the 
process,  and  the  specific  gravity  of  the  oil  used. 

Until  the  last  few  years  it  was  believed  to  be  impossible  effectu- 
ally to  vaporise  oil,  and  render  it  fit  for  combustion  in  an  engine 
cylinder,  except  by  the  use  of  some  spray-making  device.  The 
behaviour  of  oil  in  a  retort  was  quoted  to  show  that  it  must  be 
dealt  with  in  some  complicated  way,  in  order  to  evaporate  it  com- 
pletely. It  was  first  pointed  out  by  Mr.  Worby  Beaumont,  and 
has  now  been  conclusively  proved,  that  the  addition  of  air  in  an 
engine  cylinder  prevents  the  formation  of  oil  gas  aud  heavy 
residuum,  and  is  sufficient  to  convert  the  whole  of  the  oil  into  a 
combustible.  The  use  of  a  spray  maker  has,  therefore,  been  dis- 
carded in  almost  all  engines  except  the  Priestman,  and  the  process 
of  vaporising  becomes  simpler  in  each  successive  oil  motor  produced. 

There  are  two  methods  of  evaporating  petroleum,  both  used  to 
prepare  it  for  driving  an  engine — viz.,  hot  and  cold  distillation. 
We  have  seen  that,  the  less  the  specific  gravity  of  the  oil,  the  more 
volatile  it  is.  The  higher  the  temperature  to  which  it  is  exposed, 
the  greater  the  evaporation,  or  the  amount  of  hydrocarbons  given 
off.  It  is  only  the  light  and  highly  inflammable  spirit  used  in 
engines  of  Class  II L,  which  can  be  evaporated  from  petroleum 
without  the  application  of  heat.  The  heavier  oils,  of  greater 
specific  gravity,  must  always  be  heated,  not  only  to  vaporise  the 
larger  portion  of  their  constituents,  but  to  counteract  the  cold 
produced  by  evaporation. 

I II.  Distillation  at  ordinary  atm  ospheric  tern  peratures  is  produced 
in  the  following  way : — Atmospheric  air  is  passed  over  light  hydro- 
carbon oil  (refined  petroleum),  and  a  volatile  spirit  is  given  off  in 
large  quantities,  impregnating  thn  air  in  contact  with  it.  This  car- 
buretted  air  is  equal  in  lighting  and  heating  properties  to  coal  gas, 
and,  mixed  with  a  proper  proportion  of  ordinary  air,  it  is  sufficiently 
inflammable  to  ignite,  and  to  do  work  in  the  cylinder  of  an  engine 
by  the  force  of  the  explosion.  Sometimes,  instead  of  passing  the 
air  over  a  layer  of  the  oil,  a  current  is  driven  through  substances 
impregnated  with  the  volatile  spirit.  The  specific  gravity  of  this 
petroleum  spirit  varies  from  0650  to  0'700,  and  its  flashing  point 
is  generally  so  low  that  it  cannot  be  used  for  commercial  purposes. 
Motors  in  which  it  is  employed  ought  scarcely  to  be  called  "  oil 
engines."  The  working  agent  is  simply  inflammable  petroleum 
essence,  and  is  perhaps  best  distinguished  by  the  term  usually 
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applied  to  it  abroad — *'  carbnretted  air."  The  ease  with  whicH  this 
spirit  can  be  obtained  from  ordinary  petroleum  by  merely  paeging 
air  oTer  it  shows  that  care  is  necessary.  An  inflammable  y&poar 
generated  without  the  application  of  heat  will  ignite  at  ordinary 
temperatures,  and  cannot  safely  be  stored.  Nearly  all  the  early 
petroleum  motors  employed  this  spirit  as  the  motive  power,  and 
this  is  one  reason  why  they  did  not  come  into  general  use.  Oiring 
to  the  inflammable  nature  of  the  working  agent,  a  prejudice  existed 
against  them,  which  extended  to  all  oil  motors,  and  was  not 
removed  until  the  Priestman  engine  showed  how  ordinary  oil  could 
be  utilised  in  the  cylinder  of  a  motor  without  danger. 

Engines  driven  with  carburet  ted  air  are  also  open  to  two 
objections  from  an  economic  point  of  view.  The  continued 
evaporation  of  the  more  volatile  portions  of  the  petroleum  leaves 
a  heavy  useless  residuum,  difficult  to  get  rid  of.  As  the  spirit  is 
given  o£^  the  cold  produced  by  evaporation  rapidly  reduces  the 
temperature  of  the  oil,  and  renders  it  less  ready  to  part  with  the 
lighter  constituents.  These  essences  also  carry  otf  with  them 
mineral  or  organic  substances,  which,  when  burnt  in  the  cylinder, 
leave  a  thick  deposit,  and  sometimes  clog  the  working  parts. 
Explosive  gases,  therefore,  produced  by  passing  cold  air  over 
petroleum  oil,  are  not  suitable  for  use  in  an  engine. 

These  difficulties  are  partly  remedied  by  another  method  of 
obtaining  carbnretted  air  for  a  motor.  The  oil  cistern  or  tank  is 
placed  near  the  cylinder,  its  temperature  is  thus  raised,  and  the  oil 
is  agitated  in  order  to  bring  a  larger  surface  in  contact  with  the 
air.  If  the  oil  is  slightly  heated,  not  only  will  evaporation  proceed 
more  quickly,  but  less  dangerous  oil,  having  a  greater  specific 
gravity,  can  be  used.  The  cost  of  working  is  also  less.  There  is 
another  advantage  in  placing  the  oil  tank  and  carburating  apparatus 
near  the  engine.  Air  which  can  be  rapidly  carbnretted  by  bringing 
it  in  contact  with  petroleum  essence,  becomes  decarburetted  with 
equal  facility,  if  exposed  to  a  low  temperature  or  pressure,  or 
conveyed  to  the  cylinder  in  long  pipes.  To  carburate  it,  therefore, 
close  to  the  engine  economises  the  heat,  and  produces  a  more 
inflammable  gas. 

Carbtirators, — ^Tbere  are  many  devices  for  producing  car- 
bnretted air  by  passing  it  over  petroleum  spirit,  but  with  most  of 
them  the  gas  obtained  is  only  used  for  lighting.  In  America  it  is 
sometimes  made  in  the  cellars  of  a  house,  as  it  is  wanted,  for 
domestic  purposes.  The  petroleum  spirit  or  gasoline  is  stored  in 
underground  tanks,  and  air  at  ordinary  temperature  is  pumped  on 
to  it  through  a  pipe,  and  then  drawn  off  and  conveyed  to  the  house 
burners.  On  this  small  scale  there  is  little  danger  in  employing 
carbnretted  air,  but  carburators  above  ground  cannot  be  used  with 
perfect  safety.  In  most  of  them  the  principle  is  the  same.  Air 
is  forced  either  by  compression  or  suction  through  or  over  petro- 
leum spirit,  and  becomes  impregnated  with  the  essence.     In  the 
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Lothamfner  carburator  air  at  ordinary  temperature  is  pumped  into 
an.  outer  reservoir,  containing  an  inner  receiver  partly  filled  with 
the  carburating  liquid.  It  next  passes  at  high  pressure  from  the 
outer  reservoir  into  tubes,  which  are  carried  down  into  the  inner 
receiver  below  the  level  of  the  liquid.  Here  it  is  discharged 
through  radiating  horizontal  pipes,  and  forced  to  pass  upwards,  the 
pressure  of  the  air  breaking  up  the  liquid.  By  this  process  the  air 
becomes  thoroughly  saturated  with  the  volatile  essence,  and  is 
then  drawn  off  and  stored.  M.  Lothammer  claims  to  obtain  a  gas 
"which  does  not  lose  its  heating  qualities,  even  when  exposed  to  a 
temperature  of  - 18*  C.  on  leaving  the  carburator.  Drawings 
and  a  description  of  the  Lothammer  apparatus  will  be  found  in 
Ohauveau. 

In  the  Meyer  carburator  heat  is  employed  to  charge  the  air  with 
petroleum  essence.  The  oil  or  hydrocarbon  liquid  falls  drop  by 
drop  into  a  small  boiler,  where  it  is  evaporated  by  the  heat  from  a 
burner  below.  The  oil  vapour  at  a  high  pressure  next  passes 
through  an  injector,  where  a  proper  proportion  of  air  is  drawn  in 
with  it,  and  the  two  are  thoroughly  mixed  before  they  enter  the 
gasholder.  Production  is  automatic,  and  the  bell  of  the  gasholder 
IB  made  to  regulate  the  admission  of  oil  to  the  boiler,  and  the  size 
of  the  flame.  This  method  is  said  to  produce  carburetted  air  of 
high  heating  value ;  it  is  principally  used  for  driving  engines. 
There  are  numerous  other  carburators,  especially  in  France,  as  the 
Mounier,  Pieplu,  (fee,  but  they  are  chiefly  used  to  furnish  carbur- 
etted air  for  illumination.  Each  oil  motor  employs  a  special  type 
of  carburator,  or  method  of  vaporising  the  oil,  and  these  will  be 
described  later,  in  the  account  of  the  various  engines. 

TJtiliBation  of  Oil. — Professor  Unwin  is  of  opinion  that  the 
three  methods  of  utilising  petroleum,  as  fuel  under  a  boiler,  as  oil 
gas,  and  to  carburate  air,  are  none  of  them  capable  of  any  wide 
application,  owing  to  the  expense,  the  difficulties  of  transport,  and 
the  danger  of  using  a  hiffhly  inflammable  liquid.  The  ideal  oil 
engine  of  the  future  is  probably  of  the  fourth  class,  and  comprises 
motors  using  and  more  or  less  completely  evaporating  ordinary 
lighting  or  heavy  petroleum  oils.  Oil  engines,  however,  are  still 
practically  in  their  infancy.  If  gas  engines  are  younger  and  more 
modem  than  steam,  and  therefore  have  more  possibilities  of  future 
development,  the  same  applies  in  a  still  greater  degree  to  oil 
motors.  In  some  respects  a  greater  heat  efficiency,  both  in  theory 
and  practice,  ought  to  be  obtained  from  oil  than  from  gas  engines. 
In  the  latter  the  gas  must  be  kept  cool  till  it  is  introduced  into  the 
cylinder,  and  therefore,  as  it  has  hitherto  been  found  impossible  to 
utilise  the  exhaust  gases,  a  large  proportion  of  the  heat  is  wasted. 
In  an  oil  engine  the  working  agent  should  be  at  a  high  temperature 
from  the  first.  A  certain  amount  of  heat  is  necessary  to  render 
the  oil  fit  for  evaporation,  and  this  heat  is  sometimes  supplied  by 
making  the  exhaust  gases  circulate  round  the  oil  tank  or  vaporiser. 
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The  air  alio  is  aometimes  previoiiBly  heated  by  the  exhaust  in 
varioas  ways.  Hence  more  heat  is  utilised,  the  exhaust  gases  are 
oom|)aratively  cool  at  discharge,  and  a  better  working  cycle  should 
be  the  result.  For  a  comparison  of  the  heat  efficiencies  of  oil  and 
gM  motors  see  Table  of  Tests. 

IV.  In  the  fourth  method  of  producing  heat  from  oil, — namely, 
by  evaporating  ordinary  petroleum,  and  firing  it  as  in  a  gas  engine, 
— the  density  of  the  oil  used  varies  from  0*70  to  0*84.  To  ignite 
so  heavy  a  liquid,  and  utilise  the  force  of  the  explosion  to  drive  a 
piston,  the  oil  must  be  converted  at  a  high  temperature  into  an 
inflammable  vapour,  before  it  is  admitted  to  the  cylinder,  and  this 
is  done  in  various  ways.  Frequently  a  blast  of  compressed  air  is 
forced  into  the  petroleum,  to  break  it  up.  All  oil  engines  have  a 
vaporiser  or  hot  chamber,  where  the  petroleum,  either  liquid  or  in 
the  form  of  spray,  is  converted  into  vapour.  The  vaporiser  is 
usually  heated  by  a  lamp  at  starting,  and  afterwards  by  the  exhaust 
gases,  or  by  other  means.  The  air  necessary  for  combustion  is 
admitted  and  mixed  with  the  charge  of  petroleum,  after  the  latter 
has  become  vapour.  The  mixture  is  then  drawn  into  the  cylinder, 
as  in  a  gas  engine,  by  the  suction  of  the  piston.  Ignition  is 
generally  oy  a  tube,  but  electric  ignition  is  often  used,  and  a  safety 
or  non-return  valve  is  sometimes  necessary,  to  prevent  the  flame 
from  shooting  back  into  the  vaporiser.  With  these  precautions 
ordinary  lighting  oil,  with  a  flashing  point  of  from  25*  0.  to  50*  C, 
may  be  uned  to  generate  power,  as  safely  as  gas  or  steam.  It 
has  not  yet  been  adapted  for  marine  purposes,  except  for  small 
power  launch  engines,  on  account  of  the  difficulty  of  carrying 
an  inflammable  liquid  at  sea,  but  small  motors  on  shore,  portable 
and  road  carriage  engines,  are  made  in  very  large  numbers. 

Vaporisation  of  Oil. — There  are  three  ways  in  which  oil  is 
treated,  when  employed  as  a  combustible  in  the  cylinder  of  an 
engine.  In  the  first,  it  is  broken  up  into  spray,  and  thoroughly 
mixed  with  air,  before  it  passes  into  the  cylinder,  as  in  the 
Priestman  engine.  In  the  second,  liquid  oil  is  injected  into  com- 
pressed and  heated  air,  and  instantly  vaporised,  as  in  the  Homsby- 
Akroyd.  The  third  method  is  to  admit  the  oil  in  small  quantities 
into  a  vaporiser  maintained  at  a  very  high  temperature,  which  acts 
as  a  retort,  and  converts  the  oil  into  gas  before  it  reaches  the 
cylinder,  as  in  the  Trusty  and  Capitaine  engines.  .One  or  other 
of  these  principles  is  followed  in  almost  all  oil  motors,  to  render  the 
petroleum  fit  for  combustion,  but  a  different  arrangment  is  adopted 
in  each  particular  engine,  for  the  vaporisation  of  the  oil. 

Early  Oil  Engines. — The  earliest  attempts  to  bum  petroleum 
to  produce  mechanical  energy  were  made  soon  after  the  introduction 
of  gas  engines.  At  that  time,  however,  it  was  considered  impossible 
to  use  ordinary  petroleum,  of  about  0*80  specific  gravity,  because 
the  difficulty  of  evaporating  it  was  so  great.  To  break  it  up  into 
spray  by  a  blast  of  air  had  not  been  proposed.     Light  petroleum 
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spirit  or  inflammable  ether  was  therefore  employed,  and  probably 
retarded  the  development  of  the  oil  engine. 

Hook  (1873). — Nearly  thirty  years  ago  two  engines  appeared 
almost  simultaneously,  the  Hock  in  Vienna,  and  the  Brayton  in 
America.  In  the  Hock  engine,  the  patent  for  which  was  taken  out 
in  1873,  benzoline  or  volatile  hydrocarbon  gas  was  used,  drawn 
from  a  reservoir  at  the  back  of  the  horizontal  cylinder.  The  engine 
was  of  the  two-cycle,  single-acting  non-compressing  type,  with  an 
explosion  every  revolution;  the  whole  series  of  operations  was 
carried  out  in  one  forward  and  return  stroke.  On  one  side  of  the 
cylinder  was  a  small  valve  chest  containing  two  valves,  one  for  the 
admission  of  air,  the  other  for  the  discharge  of  the  exhaust  gases, 
both  worked  by  an  eccentric  from  the  main  shaft.  On  the  other 
side  was  the  igniting  apparatus.  A  little  air  pump,  driven  from 
the  crank  shaft,  forced  a  current  of  air  at  each  stroke  into  a  small 
receiver  filled  with  benzoline.  The  air  became  charged  with 
benzoline,  and  a  stream  was  directed  through  a  nozzle  against  a 
permanent  burner,  placed  close  to  an  opening  at  the  back  of  the 
cylinder.  The  benzoline  ignited  at  the  flame,  a  flap  covering  the 
admission  valve  was  lifted  by  the  suction  of  the  in  stroke,  the  flame 
drawn  in,  and  the  mixture  in  the  cylinder  ignited.  The  permanent 
burner  was  fed  with  petroleum  spirit  from  the  same  reservoir. 

The  motor  piston  having  passed  the  inner  dead  point,  the  suction 
of  the  out  stroke  drew  a  small  quantity  of  hydrocarbon,  at  atmos- 
pheric pressure,  from  the  reservoir  at  the  back  through  a  nozzle 
into  the  cylinder.  At  the  same  time  a  flap  valve  was  lifted,  and  a 
stream  of  air,  also  at  atmospheric  pressure,  was  admitted  through 
another  nozzle  beside  it  The  two  nozzles  being  set  slightly  in- 
clined to  each  other,  the  air  pulverised  the  benzoline,  and  broke  it 
up  into  spray.  AlS  the  charge  was  too  rich  to  use,  it  was  next 
diluted  with  a  second  supply  of  air  from  the  valve  chest.  When 
the  piston  had  passed  through  about  half  the  stroke,  ignition  took 
place,  as  already  described,  the  mixture  being  so  arranged,  that  the 
richest  portion  lay  nearest  the  ignition  flame.  The  return  stroke 
discharged  the  products  of  combustion.  The  centrifugal  governor 
driven  from  the  crank  shaft  acted  by  regulating  the  supply  of  air 
from  the  valve  chest.  If  the  speed  was  increased,  the  valve  was 
held  open  longer,  a  larger  quantity  of  air  was  admitted,  and  less 
benzoline.  When  the  speed  was  reduced,  and  the  balls  of  the 
governor  fell,  less  air  entered,  the  composition  of  the  charge  became 
richer,  and  the  explosions  more  certain  and  stronger.  This  engine 
was  popular  for  a  time,  but  it  was  not  permanently  successful,  on 
account  of  the  inflammable  nature  of  the  petroleum  spirit  used. 
Drawings  are  given  in  Schottler's  book. 

Brayton  (1872). — The  engine  patented  by  Brayton,  and  first 
constructed  at  Exeter,  United  States,  was  introduced  into  England 
about  1876.  It  was  a  better  and  more  practical  motor  than  the 
Hock,  because  the  oil  used  was  of  greater  density,  higher  flashing 
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point,   and   less  inflammable.     Brajton  was  the  first  to  emploj 
ordinary  heavy  petroleum  and  kerosene,  boiling  at  about  150   c', 
instead  of  light  spirit  or  essence,  in  the  cylinder  of  an  engine.      His 
engine,  call^  the  ''  Ready  Motor/'  was  also  the  first,  and  till  then 
the  only  engine  of  any  note,  to  embody  the  principle  of  combustion 
at  constant  pressure,   instead   of  at    constant  volume.      It    was 
originally  worked  with  ^as,  and  was  first  brought  out  in  America ; 
the  English  patent  was  acquired  by  Messrs.  Simon  of  Nottingham, 
who  introduced  it  into  this  country  in  1878  (see  p.  47).     A  view 
of  the  Bray  ton-Simon  gas  engine  is  given  at  Fig.  16.     The  charge 
of  gas  and  air  was  ignited  before  its  admission  into  the  cylinder, 
entered  in  a  state  of  flame,  and  drove  the  piston  forward  without 
any  rise  in  pressure,  a  steady  combustion  being  maintained  behind 
it  during  one-third  of  the  forward  stroke.     As  Brayton  found  that 
the  flame  of  the  gas,  in  spite  of  the  gauze  diaphragm  shutting  it  off 
from  the  pump  cylinder,  was  apt  to  strike  back«  and  ignite    the 
compressed  charge  in  it)  he  substituted  ordinary  petroleum,  instead 
of  gas,  as  the  motive  power.     The  specific  gravity  of  the  oil  used 
was  0-850. 

The  chief  improvement  of  the  Brayton  engine  over  the  Hock 
was  that  both  the  air  and  the  oil  were  admitted,  at  high  pressure, 
into  the  motor  cylinder  from  two  separate  pumps,  worked  by  the 
engine.  The  pressure  of  the  injection  pulverised  the  petroleum, 
and  the  air  became  thoroughly  impregnated.  In  all  oil  engines 
hitherto  constructed,  the  use  of  light  petroleum  spirit  made  it 
unnecesi^ary  to  spray  the  oil.  The  system  of  breaking  it  up  by 
forcing  a  blast  of  air  into  it  rendered  possible  the  use  of  heavy 
petroleum  oil.  Brayton  was  therefore  the  inventor  of  the  first  safe 
and  practical  oil  engine,  and  in  this  respect  his  motor  was  the  fore- 
runner of  the  Priestman. 

As  shown  at  the  Paris  Exhibition  of  1878,  the  engine  was 
vertical  and  single-acting,  resembling  the  Simon  at  Fig.  16  (p.  48), 
except  that  the  crank  and  distributing  shaft  were  above  the 
cylinder.  There  was  an  impulse  every  revolution.  The  two 
pistons,  motor  and  compressor,  worked  downwards  upon  a  beam 
joined  to  the  motor  crank  by  a  connecting-rod.  Both  cylinders 
were  of  the  same  diameter,  but  the  stroke  of  the  compression  pump 
was  half  that  of  the  motor  piston.  From  the  pump,  part  of  the 
compressed  air  was  delivered  direct  through  the  carburator  into 
the  motor  cylinder,  and  part  was  forced  into  a  reservoir  in  the 
base.  The  air  here  stored  was  intended  to  equalise  the  pressure, 
and  to  assist  in  starting  the  engine.  On  the  other  side  of  the 
motor  cylinder  was  a  small  pump  worked  from  an  eccentric  on  the 
auxiliary  shaft,  to  inject  petroleum  into  the  carburator.  The  valves 
were  actuated  by  cams  from  this  auxiliary  shaft,  driven  by  bevel 
gear  from  the  crank  shaft.  The  admission  cam  was  shifted  by  the 
governor,  in  order  to  admit  more  or  less  of  the  charge,  according  to 
the  speed  of  the  engine. 
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Fig.  110  gives  a  view  of  the  carburator  in  three  compartments. 
The  carburation  of  the  air  takes  place  in  the  middle  division  B, 
which  is  filled  with  a  porous  substance,  and  separated  by  a  layer 
of  perforated  metal  plates  at  P  from  the  space  below,  C,  commuLi- 
eating  through  the  opening  D  with  the  motor  cylinder.  The 
chamber  C  is  always  full  of  Same.  Petroleum  is  injected  from  the 
small  oil  pump  through  pipe  E,  and  air  from  the  pump  through  F 
into  B.  The  jet  of  air  pulverises  the  petroleum  and  breaks  it  up  into 
spray,  which  thoroughly 
impregnates  the  porous 
material.  At  the  right  mo- 
ment the  valve  rises,  and 
fresh  air  is  drawn  through 
O  into  the  outer  chamber  A. 
In  its  onward  passage 
through  B,  it  carries  with 
it  aportionof  the  volatilised 
petroleum,  is  ignited  on 
reaching  0,  and  passes  into 
the  cylinder  in  a  sheet  of 
flame,  but  there  is  no  explo- 
sion. Thus  air  is  twice  ap- 
plied, first  to  break  up  the 
petroleum,  and  then  to 
dilute  it  in  the  same  way  as 
the  charge  in  a  gas  engine 
When  the  piston  has  passed 
through  one -third  of  its 
stroke,  the  valve  S  closes, 
and  the  ignited  vapour 
expands,  the  two  pumps 
meanwhile  injecting  a 
fresh  charge  of  compressed 
air  and  petroleum  into  B. 
To  start  the  engine,  petro- 
leum is  pumped  in  by 
hand,  and  compressed  air 
admitted  from  the  reser- 
voir, and  when  the  car- 
burator is  full  of  oil  vapour, 
and  a  lighted  match  applied. 


Fig.  110.— Brayton  Carburator.     1878. 


Fig.  111. — Brayton  Petroleum  Engine 
— Indicator  Diagram.     1878. 


the  little  plug  at  G  is  withdrawn, 
The  engine  is  constructed  on  the 
same  principle  as  the  Davy  safety-lamp — namely,  that  of  preventing 
back  ignition  by  the  use  of  a  wire  gauze,  or  perforated  metal  plates. 
Trials. — A  trial  of  a  5  H.P.  American  Brayton  petroleum 
engine  was  made  at  Glasgow  by  Mr.  Dugald  Olerk  in  1878.  The 
speed  was  201  revolutions  per  minute,  and  the  consumption  of 
petroleum  2-16  lbs.  per  I.H.P.  per  hour.  Much  of  the  total  power 
developed  was  absorbed  in  driving  the  air  and  petroleum  pumps. 

21 
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Fig.  Ill  gives  an  indicator  diagram  taken  daring  the  trial,  in 
which  the  prolonged  combostion  obtained  with  ignition  at  constant 
preMure  is  seen.  The  Brayton  engine  does  not  seem  to  be  in  the 
market  now. 

Spiel  (1883). — Both  the  two  motors  described  above  were 
brought  oat  before  the  saooess  of  the  Otto  engine  had  fally  estab- 
lislifd  the  superiority  of  the  four-cycle  type.  In  the  next  oil 
engine,  patented  by  Spiel,  and  made  in  England  by  Messrs.  Shirlaw 
A  Oa,  Birmingham,  the  Beau  de  Rochas  fourcycle  is  introduced, 
and  the  engine  resembles  the  Otto  in  many  respects.  It  has  the 
drawback  of  using  inflammable  petroleum  spirit  of  0*700  or  0-730 
specific  gravity,  instead  of  the  safer  heavy  petroleum.  Being  easily 
volatilised,  this  spirit  does  not  require  so  complicated  a  process  to 
convert  it  into  spray  as  in  engines  employing  oil  of  greater  density. 
The  motor  is  horizontal,  single-acting,  and  the  admission,  distribu- 
tion, and  exhaust  valves  are  worked  from  an  auxiliary  shaft  geared 
to  the  main  shaft  in  the  usual  way.  Ignition  is  by  a  flame  carried 
in  a  slide  valve,  working  at  the  back  of  the  cylinder,  the  method 
being  the  same  as  in  the  original  Otto ;  the  Spiel  is  probably  the 
only  oil  engine  firing  the  charge  in  this  way. 

The  benzoline  is  drawn  from  the  reservoir  and  injected  into  the 
cylinder  by  a  small  pump  worked  from  the  auxiliary  shaft.  When 
this  plunger  pump  is  driven  down  it  carries  with  it  a  crosshead 
working  the  air  admission  valve,  and  air  enters  a  mixing  chamber 

at  the  back  of  the  cylinder. 

As  the  piston  continues  to 

descend,  a  passage  is  opened 

from   the  pump  into  the 

mixing  chamber,  a  jet  of 

petroleum   spirit    is    sent 

into  the  air,  broken   into 

"      spray  by  striking  against 

Fig.  112. --Spiel  Oil  Engine-Indicator         »    projection,    and    the 

.    Diagram.  two   are   sucked  into  the 

cylinder  by  the  admission 
stroke  of  the  motor  piston.  If  the  speed  be  too  great,  the  ball 
governor  interposes  a  small  projection  between  the  valve-rod  of  the 
pump  and  the  levers  working  it.  The  two  become  locked  and 
cannot  move,  and  the  valve  remains  open,  admitting  air  only  to 
the  cylinder  until  the  speed  is  reduced. 

Drawings  of  this  engine  are  given  by  Robinson  and  Schottler. 
Fig.  112  shows  an  indicator  diagram  of  a  Spiel  oil  engine,  in  which 
the  consumption  of  oil  was  about  1  pint  per  B.H.P.  per  hour.  In 
another  14  B.H.P.  Spiel  engine  having  a  cylinder  diameter  of  9^ 
inches,  with  18  inches  stroke,  and  making  160  revolutions  per 
minute,  the  consumption  of  naphtha  was  0-81  lb.  per  B.H.P.  per 
hour.  The  specific  gravity  of  the  oil  used  was  about  0*725.  It  is 
contended  that)  in  spite  of  the  difficulties  of  storing  and  trans- 
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porting  naphtha,  owing  to  its  inflammable  nature,  it  is  greatly 
superior  to  heavy  oils  for  producing  motive  power.  Some  interest- 
ing experiments  were  made  with  a  small  model  engine,  running  at 
over  500  revolutions  per  minute,  in  which  the  Beau  de  Rochas 
cycle,  comprising  the  operations  of  admission,  compression,  explosion 
plus  expansion,  and  exhaust  were  carried  out  four  times  in  a 
second.     Some  hundreds  of  these  engines  are  said  to  be  at  work. 

Siemens  (1861). — No  account  of  internal  combustion  engines 
would  be  complete  without  a  mention  of  the  motors  designed  and 
} patented  by  Sir  William  Siemens.  In  1860  he  first  devoted  his 
attention  to  the  subject,  and  from  that  time  till  1881  he  brought 
forward  various  engines,  all  intended  to  illustrate  the  principle  of 
utilising  the  waste  heat  of  the  exhaust  gases,  by  passing  them 
through  a  regenerator  before  discharge.  The  incoming  mixture 
entered  the  cylinder  through  the  same  regenerator.  This  idea  of  a 
regenerator  in  heat  motors  originated  with  Dr.  Robert  Stirling,  in 
1827,  but  it  has  hitherto  been  found  impossible  to  apply  it  in 
practice,  except  in  the  case  of  air  engines,  though  in  metallurgy 
And  other  manufacturer  it  is  largely  used. 

Sir  William  Siemens  made  many  alterations  and  improvments 
in  the  heat  engines  he  designed.  In  one  he  proposed  to  add  a  gas 
generator,  producing  water  gas  by  the  passage  of  steam  and  hot  air 
under  pressure  through  incandescent  fuel.  The  gas  thus  made  was 
pumped  into  a  reservoir,  and  from  thence  into  four  cylinders,  each 
serving  to  charge  the  next  through  a  regenerator  formed  of  layers 
of  metallic  gauze.  From  1846  to  1881  Sir  W.  Siemens  took  out  a 
series  of  patents  for  internally  fired  engines.  The  last,  designed 
not  long  before  his  death,  exhibited  his  matured  views  on  the 
subject.  It  embodies  the  principle  of  combustion  at  constant 
pressure,  and  although  never  worked,  it  is  valuable  as  indicating 
possibly  on  what  lines  the  heat  engine  of  the  future  may  be 
improved. 

The  Siemens  Begenerative  Engine  (1881)  is  shown  in  sectional 
elevation  at  Fi^.  113.  There  are  two  motor  cylinders,  A  and  A^, 
the  pistons  of  which  work  vertically  through  the  connecting-rods 
C  and  Gj  upon  the  crank  shaft  K,  at  an  angle  of  180°  apart.  The 
cylinders  are  divided  into  two  parts.  The  lower  in  each  has  a 
water  cooling  jacket,  W,.  the  upper  part  is  lined  with  fireclay. 
The  differential  pistons  compress  the  mixture  on  one  face  during 
the  down  stroke,  while  the  explosive  gases  are  expanded  on  the 
other.  At  the  top  of  each  cylinder  are  the  regenerators  R  and  R^, 
consisting  of  thin  sheets  of  metallic  gauze.  All  the  valves  for 
admission,  distribution,  and  exhaust  are  contained  in  a  revolving 
cylindrical  valve  F,  worked  from  the  crank  shaft  by  equal  bevel 
wheels  G.  The  exhaust  E  is  at  the  top,  and  a  passage  at  p^  is 
opened  to  it  alternately  from  either  cylinder.  Gas  and  air  are 
Emitted  through  the  pipes  m  and  n,  and  ports  />,  to  the  lower  part 
of  either  cylinder,  during  one  revolution  of  the  cylindrical  valve. 
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The  suction  of  the  up  stroke  draws  them  in,  the  down  stroke 
compresses  thero  into  a  reservoir  at  the  side.  From  here  the 
compressed  mixture  passes  to  the  upper  part  of  the  cylinders, 
through  the  regenerator  aud  the  ports  p^  The  products  of  com- 
bustion discharged  on  the  upper  face  of  the  piston  by  the  up  stroke, 
are  forced  through  the  regenerator  on  their  way  to  the  atmosphere, 
and  some  of  their  surplus  heat  is  stored  up  in  it.  As  the  fresh 
charge  enters,  drawn  in  by  the  vacuum  produced  by  the  expulsion 

of  the  exhaust  gases, 
light  hydrocarbon  oil 
is  dropped  on  to  it  from 
the  oil  tank  O  above, 
and  part  of  the  mix- 
ture is  fired  electrically. 
The  remainder  of  the 
charge  is  immediately 
kindled,  and  flows  for- 
ward as  flame  into  the 
cylinder,  the  flame 
being  prevented  from 
spreading  back  into  the 
reservoir  by  the  gauze 
diaphragm  of  the  re- 
generator. The  piston 
is  driven  down  by  the 
expansion  of  the  gases,, 
and  compresses  below 
it  a  fresh  charge  into 
the  reservoir;  during 
the  up  stroke  the  cylin- 
drical valve  opens  com- 
munication with  the 
exhaust. 

Two  ingenious  and 
economical  ideas  are 
embodied  in  this 
engine.  Some  of  the 
heat  of  combustion  is 
stored  in  the  regenerator,  and  imparted  to  the  fresh  charge,  and 
inflammable  oil  is  used  to  mix  with  the  gas,  and  render  it  easier 
to  ignite.  Neither  of  these  innovations  has  hitherto  been  applied 
to  any  extent,  in  practice,  to  gas  or  oil  engines. 


Fig.  113. — Siemens  Regenerative  Bngine.    1881. 
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CHAPTER  XIX. 

WORKING  METHOD  IN  OIL  ENGINES— THE  PRIESTHAN 
OIL  ENGINE  AND  YARROW  SPIRIT  LAUNCH. 

CoVTESHTB. — Requisites  in  Oil  Engines— Classification — Oil  Engine  Orole— 
Construction — Valves — Ignition — Vaporiser — Lamp — Governor — Priest- 
man  Oil  Engine — Spray  Maker — Governor — Trials — American  Type — 
Zephyr  Spirit  Launch. 

If  Otto  can  claim  the  honour  of  having  made  the  gas  engine  a 
practical  working  success,  after  the  efforts  of  Lenoir,  Hugon,  and 
others,  the  same  credit  belongs  to  Messrs.  Priestman  as  regards  oil 
engines.  Long  before  the  introduction  of  their  motor  into  this 
oonntry,  oil  engines  had  been  designed  and  worked,  but  there  was 
a  prejudice  against  them,  because  of  the  inflammable  pretroleum 
spirit  with  which  they  were  chiefly  driven.  The  Bray  ton,  the  only 
engine  using  no^-explosive  petroleum,  had  never  become  popular, 
owing  probably  to  the  imperfections  in  its  cycle,  its  extravagant 
consumption  of  oil,  and  low  mechanical  efficiency.  Whatever  the 
cause,  oil  engines  were  scarcely  known  or  used  until  the  appearance 
of  the  Priestman  in  1888.  About  this  time  Messrs.  Priestman 
acquired  Et^ve's  patent,  and  their  oil  motor  was  introduced  at  the 
Nottingham  Agricultural  Show  in  the  same  year. 

Beqnisites  of  Oil  Engines. — In  any  engine  intended  to  supply 
the  deficiencies,  and  remedy  the  drawbacks  of  gas  or  steam,  the 
following  points  must  be  considered.  It  should  be — I.  Self-con- 
tained, having  everything  requisite  for  its  efficient  working  for  a 
certain  length  of  time.  II.  Safe  and  simple,  using  as  the  working 
agent  a  combustible  which  is  neither  difficult  to  procure,  nor  danger- 
ous to  transport.  III.  Easy  to  handle,  so  that  any  ordinary 
unskilled  workman  can  drive  it.  This  is  advisable,  because  these 
engines  are  frequently  placed  in  the  hands  of  labourers  without  any 
knowledge  of  machinery.  IV.  Compact,  and  easily  transported 
from  place  to  place.     V.  Economical  in  working. 

Many  petroleum  engines  were  originally  constructed  to  use  gas 
as  the  motive  power,  and  the  oil  vaporising  apparatus  was  added 
afterwards.  Practically  all  oil  motors  employ  the  usual  gas  engine 
cycle,  the  series  of  operations  proposed  by  Beau  de  Rochas  and 
adopted  by  Otto,  comprised  in  four  strokes  of  the  piston,  with  one 
explosion  every  two  revolutions.  Excellent  results  are  obtained 
with  this  cycle,  and  as  a  rule  the  engines  run  at  a  higher  speed  than 
gas  motors.      The  action  and  method  of  utilising  the  power  is  the 
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same  as  has  already  been  described,  the  difference  consists  in  the 
treatment  of  the  petroleum.  In  no  two  motors  is  the  pi-ocess 
precisely  the  same,  though  in  all  the  oil  is  broken  up  by  the  addition 
of  air,  and  Taporised  by  applying  heat.  The  following  classification, 
given  in  The  Engineer,  June  24,  1892,  of  the  methods  by  which  the 
oil  is  evaporated,  may  be  found  useful : — 
ClaBsifloation. 

1.  Engines  in  which  the  oil,  before  entering  the 
Spray       ,  cylinder,  is   converted   first  into   oil   spray,    form- 
maker,         ing  an  oil    shower,  and  next  into  vapour  in  a  hot 
chamber. 

'  2.  Engines  in  which  the  liquid  oil  is  injected 
into  a  prolongntion  of  the  engine  cylinder,  a  hot 
cartridge  chamber  or  combustion  space,  where  it  is 
converted  into  vapour  or  gas. 
No  Spray  ^  3.  Engines  in  which  the  oil  is  converted  into 
maker.  vapour  or  gas  in  a  chamber  contiguous  to  the 
cylinder,  and  communicating  with  it  by  a  valve. 

4.   Engines  in  which  the  oil  is  converted  into 
vapour  or  gas  in  a  separate  chamber,  heated  apart 
.from  the  cylinder. 
The  charge  thus  prepared  for  use  is  fired  in  one  of  the  three 
following  ways : — 

1.  By  electricity. 

2.  By  a  tube  heated  by  an  oil  lamp. 

3.  By  spontaneous  ignition  of  the  oil  vapour,  due  to  compres- 
sion and  the  heat  of  the  vaporising  chamber. 

Oil  Engine  Cyole. — Much  has  been  done  within  the  last  few 
years  to  increase  our  knowledge  of  the  cycle  of  heat  in  oil,  as 
distinguished  from  gas  engines.  The  subject  has  been  most  care- 
fully studied  and  investigated  by  German  scientific  men  and 
engineers,  foremost  among  whom  is  Professor  Meyer,  to  whose 
admirable  researches  the  author  is  greatly  indebted.  It  is  now- 
known  that,  in  a  few  important  respects,  heat,  when  applied  to  oil, 
produces  a  different  effect  to  that  obtained  in  gas  engine  cylinder»<, 
and  necessitates  several  changes  in  the  standard  type  of  construc- 
tion of  internal  combustion  motors.  The  valve  gear,  ignition, 
method  of  governing,  and  especially  the  vaporisation  of  the  oil,  all 
require  and  have  lately  received  special  attention.  It  is  most 
important  to  obtain  the  maximum  explosive  pressure,  and  this  is 
best  produced  by  thoroughly  mixing  the  air  and  oil  vapour  pre- 
vious to  combustion. 

The  classification  adopted  by  Professor  Meyer,  and  by  most 
Oerman  authorities,  is  perhaps  more  practical  than  that  given 
above,  and  better  corresponds  to  our  larger  knowledge  of  what 
takes  place  in  an  oil  engine  cylinder.  In  their  methods  of  dealing 
with  the  charge,  he  divides  oil  engines  into  two  classes.     In  the 
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one,  as  in  gas  engines,  the  finely  divided  oil  and  air  are  mixed 
outside  the  admission  valve,  the  oil  heing  either  conveyed  to  it 
by  a  pump,  or  flowing  by  gravity  from  a  receiver  above.  In  the 
second  class  there  are  two  admission  valves  in  different  parts  of 
the  compression  space.  The  oil  enters  through  one,  with  sufficient 
air  to  spray  it,  while  the  main  volume  of  air  is  admitted  through 
the  other,  and  the  explosive  charge  is  formed  in  the  cylinder,  at 
the  end  of  the  compression  stroke. 

Oil  motors  may,  therefore,  be  thus  classified  : — 

Glass  I. — Engines  in  which  the  oil  and  air  are  mixed  before 
admission  to  the  cylinder,  and  then  vaporised.  These  engines 
have  an  oil  valve  or  pump,  admission  and  exhaust  valves. 

Class  II. — Engines  in  which  the  oil  and  air  are  mixed  in  the 
cylinder  itself,  after  vaporisation.  These  engines  have  an  exhaust 
valve,  spraying  valve  with  or  without  a  pump,  and  air  valve. 

We  will  now  consider  the  chief  parts  of  an  oil  motor,  in  which 
it  differs  from  a  gas  engine. 

Valves. — Three  valves  are  required  for  the  admission  of  the 
working  fluid  to  the  cylinder  and  its  discharge — the  exhaust  valve, 
which  seldom  varies  in  type;  the  oil  valve,  and  the  admission 
properly  so  called,  to  admit  the  charge  after  mixing.  Lift  or  slide 
valves,  usually  the  former,  are  employed.  The  exhaust  valve  is 
nearly  always  driven  positively  by  a  lever  and  cam,  or  their 
equivalent.  The  t>ther  two  valves  may  be  automatic,  their  "  lift " 
depending  on  the  lower  pressure  in  the  cylinder  during  the  suction 
stroke,  and  their  fall  on  the  re-established  equilibrium  of  pressure. 
If  the  admission  valve  does  not  rise,  the  vacuum  in  the  cylinder 
increases,  and  eventually  causes  it  to  lift.  The  action  of  the 
smaller  oil  valve  is  not  equally  certain,  and  therefore  it  is  often 
mechanically  driven,  unless  permanently  connected  to  the  admis- 
sion valve.  Thus  the  oil  and  air  valves  are  sometimes  automatic, 
but  the  oil  pump  is  always  driven,  and  many  makers  prefer, 
especially  with  large  engines,  to  move  all  the  valves  mechanically. 

Ignition  is  often  by  hot  tube,  but  electric  ignition  is  much 
used  for  larger  engines,  chiefly  on  the  Continent,  and  spontaneous 
ignition,  as  in  the  Diesel  engine  (Chap,  xxiii.),  is  now  frequent. 
Engines  which  adopt  the  latter  method  of  firing  the  charge,  and 
dispense  with  an  external  flame,  usually  belong  to  Class  II.  In 
all  but  the  smallest  sizes,  when  working  without  a  lamp,  flame,  or 
electric  spark,  some  part  of  the  cylinder  near  the  cover  must  be 
kept  at  a  red  heat,  to  ignite  the  charge.  This  portion  should  not 
project  sideways  into  the  cylinder,  like  an  ordinary  ignition  tube, 
because,  however  carefully  covered,  loss  of  heat  by  radiation 
cannot  be  prevented,  and  the  heat  generated  by- explosion  would 
not  be  sufficient  to  counteract  it.  If  this  hot  zone  be  located  in 
the  cylinder  itself,  the  explosive  mixture  must  be  carried  past  it; 
and  if  already  mixed  with  air,  and  therefore  inflammable,  it  would 
almost  certainly  ignite  prematurely  during  the  admission  stroke. 
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In  engines  of  Class  II.,  a  sone  sufficiently  hot  to  fire  the  charge 
can  he  arranged  in  the  cylinder  itself,  and,  as  only  oil  passes  it 
during  the  admission  stroke,  premature  ignition  cannot  take  place. 
The  air  is  introduced  separately,  and  only  reaches  the  hot  zone  at 
the  end  of  the  compression  stroke,  and  aa  this  air  is  already  heated 
by  compression,  it  does  not  cool  the  hot  part  as  it  would  do,  if 
brought  in  contact  with  it  immediately  after  admission. 

The  keynote  of  the  latest  efforts  to  ameliorate  the  cycle  in 
internal  combustion  engines  is  higher  compression  of  the  charge 
previous  to  ignition.  Scientific  men  and  engineers  are  now  uni- 
Tersally  of  opinion  that  in  greater  compression  than  formerly  lies 
the  secret  of  economy.  In  gas  engines,  the  limit  of  compression 
depends  practically  on  the  tightness  of  the  valves  and  piston  rings; 
but  in  oil  motors,  if  the  charge  of  oil  vapour  and  air  be  too  highly 
compressed,  premature  spontaneous  ignition,  which  should  always 
be  avoided,  occurs.  Hence  the  necessity,  as  already  shown,  of 
compressing  the  oil  and  air  separately.  This  is  done  to  a  certain 
extent  in  the  Capitaine  motor,  where  only  a  very  small  quantity 
of  air,  sufficient  to  vaporise,  but  not  to  ignite  the  charge,  is  first 
admitted  to  mix  with  the  oil,  and  in  the  Diesel,  where  the  whole 
of  the  air  is  separately  and  highly  compressed,  and  a  minute 
quantity  of  oil  injected  into  it  at  the  end  of  the  compression  stroke. 
The  same  result  is  aimed  at,  more  or  less,  in  most  of  the  latest 
oil  engines. 

Vaporiaer. — To  ignite  a  mixture  of  oil  and  air  in  a  cylinder 
properly,  the  oil  should  be  well  pulverised,  to  divide  it  into  very 
fine  particles.     These  evaporate  when  brought  in  contact  with  the 
hot  tube,  ignite,  and  communicate  their  heat  to  other  particles,  and 
the  flame  is  propagated,  especially  if  the  oil  and  air  are  mixed  in 
right  proportions,  and   highly  compressed.       If  compression  be 
increased,  and  the  oil  completely  vaporised,  violent  explosions  are 
produced.     Mere  pulverisation  of  the  charge  is  not,  however,  suffi- 
cient^ it  must  be  vaporised  as  well.     All  the  oil  is  never  pulverised, 
drops  remain  in  the  mixture,   which,  if  there  is   any  change  of 
direction  in  the  pipes  leading  to  the  cylinder,  are  projected  and 
thrown  against  the  walls.     Vaporisation  breaks  up  these  drops,  if 
the  walls  of  the  compression  space  and  oil  pipe  are  kept  as  hot 
as   possible.      During   the   admission  stroke  the  piston  uncovers 
portions  of  the  cylinder,  the  temperature  of  which  cannot  be  much 
higher  than  that  of  the  water  in  the  circulating  jacket,  and  against 
these  cooler  surfaces  the  oil  will  condense  in  a  similar  way  to 
steam  in  a  steam  cylinder.      Therefore  large  surfaces  should  as 
much  as  possible  be  reduced  to  a  minimum,  and  the  oil  be  kept 
hot  enough  to  diminish  this  condensation.     If  the  oil  and  air  are 
mixed  in  the  cylinder  itself,  the  oil  must  be  previously  vaporised, 
because  of  its  greater  specific  gravity. 

In  engines  of  Class  I.,  if  the  compression  pressure  be  dimiuished, 
to  avoid  the  danger  of  violent  explosions,  the  heat  efficiency  will  be 
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reduced.  As  long  as  the  vaporiser  is  not  allowed  to  get  too  hot, 
And  its  temperature  adjusted  to  the  degree  of  compression,  the 
engine  will  work  well  and  quietly,  but  it  is  difficult  to  regulate  the 
heat  accurately.  The  vaporiser  should  not  be  too  large,  or  too  much 
of  the  charge  will  remain  in  it.  It  may  be  heated  either  directly 
\>j  a  flame,  or  indirectly  by  the  heat  resulting  from  the  explosions 
in  the  cylinder  and  clearance.  If  protected  from  radiation,  it  may 
•even  become  hotter  in  the  latter  than  in  the  former  case. 

In  engines  of  Class  II.,  where  most  of  the  air  does  not  come  in 
oontact  with  the  vaporiser,  the  latter  can  be  at  a  much  higher 
temperature,  without  the  danger  of  premature  ignition  or  tarry 
<]eposits.  It  may  indeed  be  so  hot  that  it  serves  for  ignition,  where 
there  is  no  timing  valve.  Experiments  are  still  needed  to  deter- 
mine whether  combustion  in  this  type  of  engine  is  as  complete  as 
in  Class  I.     The  consumption  of  oil  is  about  the  same. 

In  the  best  motors  the  average  consumption  may  be  taken  at 
4  lb.  per  B.H.P.  hour,  but  it  is  often  1  to  1^  lb.  (see  Table  of 
Tests,  No.  7).  Condensation  and  incomplete  combustion,  especially 
when  running  with  light  loads,  must  be  taken  into  account.  If 
the  consumption  exceeds  about  1  lb.  of  oil  per  H.P.  hour,  the 
volume  of  air  in  the  cylinder  may  not  be  sufficient  to  ensure 
complete  combustion,  and  the  exhaust  may  become  foul.  Sharp 
curves  and  "  elbows  "  in  the  parts  should  be  avoided.  To  improve 
still  further  the  construction  of  oil  engines,  which  is  greatly  to  be 
desired,  the  admission,  breaking  up,  and  vaporisation  of  the  oil — in 
fact,  its  '^  handling''  from  the  moment  it  enters  the  engine — should 
be  more  carefully  studied  than  has  hitherto  been  the  case.  Accord- 
ing to  a  German  authority,  Herr  Dopp,  the  principle  on  which  oil  is 
usually  treated  is  at  fault.  It  should  be  completely  converted  into 
vapour  by  external  application  of  heat,  instead  of  being  only 
pulverised,  and  upon  this  more  or  less  complete  vaporisation  and 
combustion  the  consumption  depends.  The  necessity  of  great  heat 
in  vaporising  heavy  oil  was  not  at  first  understood,  probably  because 
in  the  early  oil  motors  only  light  petroleum  was  used.  Unless 
this  heat  be  applied  the  charge  is  not  homogeneous,  and  its  com- 
position fluctuates  in  a  way  the  engineer  cannot  control,  whUe,  if 
combustion  be  incomplete  the  engine  becomes  foul,  and  the  valves 
and  governor  do  not  work  properly.  If  the  admission  and  vapori- 
sation of  the  oil  were  always  rightly  carried  out,  and  the  proper 
quantity  of  air  admitted,  all  the  oil  would  be  completely  consumed. 
To  test  the  combustion,  a  sheet  of  white  paper  may  be  held  over  the 
end  of  the  exhaust  pipe  when  the  engine  is  well  under  load.  If  the 
oil  is  perfectly  vaporised  and  burnt,  no  oil  drops  should  be  found  on 
the  paper. 

Xiamp. — In  most  oil  engines  special  petroleum  lamps  are  required 
to  heat  the  ignition  tube,  and  most  of  them  are  on  the  same  principle. 
The  oil  pipe  is  led  round  the  flame  to  evaporate  the  oil,  which  issues 
out  in  a  line  spray,  together  with  sufficient  air  for  its  combustion. 
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The  oil  either  flows  to  the  Ump  by  gravitj,  or  is  forced  by  an  air 
pamp  worked  by  hand  into  a  vessel  at  a  high  pressure,  the  latter 
arrangement  seems  to  be  the  best,  and  is  used  in  many  engines. 
The  reservoir  containing  the  oil  is  fitted  with  a  pressure  gauge,  and 
is  sufficiently  strong  for  a  pressure  of  about  25  lbs.  per  square  inch. 
It  has  a  funnel  with  air-tight  joint,  and  an  air  pump  with  piston 
and  delivery  valve.  The  end  of  the  supply  pipe  to  the  burner  ia 
about  1  inch  from  the  bottom  of  the  reservoir.  The  burner  or 
lamp,  which  has  no  wick,  consists — in  the  Roots  and  other  oil 
engines — of  a  bent  tube  filled  with  oil  in  a  cylindrical  casing,  a 
clear  passage  being  left  through  the  centre  of  the  casing  for  Uie 
flame.  The  length  of  the  coil  presents  a  sufficient  heating  suriaoe 
to  the  flame  to  vaporise  the  oil.  The  latter,  sent  on  from  the 
reservoir  by  the  air  pressure,  is  thus  completely  vaporised  before  it 
escapes  from  the  bottom  of  the  coil,  and  is  ignited.  Thus  the  lamp 
provides  the  heat  for  its  own  vaporisation. 

To  start  the  engine  the  burner  is  first  heated  by  a  piece  of 
asbestos  dipped  in  oil,  and  the  air  pump  worked  by  hand  till  the 
requisite  air  pressure  is  attained.  The  pressure  of  air  forces  the 
oil  through  the  pipe  to  the  burner,  a  current  of  air  is  carried  with 
it^  and  thus  the  oil,  when  it  issues  out  at  the  bottom  of  the  coil,  is 
not  only  vaporised  but  mixed  with  air,  and  burns  with  a  strong 
flame,  and  considerable  noise. 

Another  kind  of  lamp,  often  used  in  small  engines  to  heat  the 
vaporiser,  is  of  what  is  called  the  blast  type,  and  consists  of  a 
circular  lamp  with  a  little  vertical  air  pump  inside  it  The  rod  of 
the  pump  is  worked  by  hand,  and  gives  a  pressure  of  air  on  the  top 
of  the  oil,  forcing  it  out  to  the  wick.  A  few  strokes  of  the  air 
pump  furnish  a  sufficient  pressure  to  last  for  some  time.  When  in 
proper  working  order  the  lamp  makes  a  loud  noise,  and  this  is  an 
indication  of  the  pressure  of  air. 

Gk>Yemor. — To  regulate  the  speed  of  an  oil  engine  by  reducing 
the  number  of  explosions,  cutting  off  the  supply  of  oil,  and  passing 
air  only  through  the  cylinder,  is  not  altogether  desirable.  If  the 
exhaust  gases  be  utilised  to  heat  the  vaporiser,  no  heat  can  be  com- 
municated to  it,  if  there  are  no  explosions.  The  vaporiser  becomes 
chilled,  and  the  next  time  oil  is  admitted  the  temperature  is  not 
high  enough  to  evaporate  it  completely  ;  unbumtoil  passes  through 
the  cylinder,  and  waste  and  oil  deposit  are  the  result.  Engines  of 
Class  II.  cannot  be  governed  by  holding  the  exhaust  open,  because 
the  products,  when  drawn  back  into  the  cylinder,  cool  it  so  much 
that  at  the  next  explosion  the  charge  will  not  ignite.  The  exhaust 
valve  must  be  held  closed  by  the  governor,  and  the  heat  retained. 

We  will  now  proceed  to  consider  the  different  types  of  oil 
engines. 

Prieetman. — This  engine  uses  almost  any  kind  of  heavy  oil. 
It  works  best  with  common  petroleum,  having  a  specific  gravity 
of  about  0*80,  and   flashing  point    100'  F.,   but  it  may  also  be 
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driven  with  heavy  Scotch  paraffin,  of  0820  specific  gravity,  and 
flashing  point  150"  F.  and  upwards.      Of  course,  the  heavier  the 
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oil  the  thicker  will  be  the  residuum,  and  the  more  carbon  is 
de]>08ited  inside  the  engine,  the  oftener  it  must  be  cleaned.  Nor 
can  these  very  heavy  oils  be  properly  treated  in  an  engine  cylinder, 
by  raising  the  temperature.  If  the  oil  is  too  much  heated,  it  is 
converted  into  oil  gas  instead  of  vaporised  spray,  and  tarry  deposits 
accumulate  in  the  working  parts.  The  proper  temperature  of  the 
charge  of  oil  vapour  and  air  on  entering  the  cylinder  has  been 
determined  by  experiments  at  from  170*  to  300'  F.,  according  to  the 
size  of  engine.  The  proportions  are  191  cubic  feet  of  air  to  -015 
cubic  inch  of  oil  vapour,  for  a  1  H.P.  engine. 

Fisr.  114  gives  an  elevation,  and  Fig.  115  a  sectional  view  of  the 
cylinder,  water  jacket,  and  valves  of  the  Priestman  oil  engine. 
Both  drawings,  as  well  as  several  of  the  following  details,  are  taken 
from  Professor  Unwinds  paper  in  the  Proceedings  of  the  Inaiituium 
of  Civil  Engineers^  vol.  cix.,  1892.  The  horizontal  motor  cylinder 
A  is  divided  from  the  compression  space  0,  the  proportional 
volumes   of  the   two    being — clearance   or   compression,  88  cubic 
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Fig.  115.— Priestman  Oil  Engine.     1899. 

inches;  volume  described  by  the  piston,  191  cubic  inches,  for  a 
1  H.P.  nominal  engine.  The  piston  P  works  on  to  the  crank 
shaft  through  a  connecting-rod.  At  the  back  of  the  cylinder  are 
two  valves,  inlet  and  exhaust,  the  latter  is  woiked  by  an  eccentric, 
k^  on  the  auxiliary  shaft,  revolving  at  half  the  speed  of  the  crank 
shaft.  In  the  Priestman,  as  in  most  other  oil  engines,  ordinary  litt 
valves  are  used. 

Spray  Maker. — The  chief  parts  of  the  engine  are  the  vaporiser 
and  spray  maker,  shown  below  the  cylinder  (Fig.  114).  The  oil 
tank  in  Fig.  114  is  under  the  crank  shaft,  and  when  full,  is  suffi- 
cient to  last  for  two  or  three  days.  A  glass  gauge  shows  the  level 
of  oil.  A  small  air  pump,  J,  is  worked  by  the  eccentric  k^  which 
also  drives  the  exhaust  valve.     The  air  is  filtered  through  gauze, 
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and  compressed  into  the  oil  tank  at  a  pressure  of  8  to  25  lbs.  per 
square  inch  above  atmosphere.  This  pressure  forces  two  streams 
of  oil  and  air  into  the  spray  maker  S,  from  whence  they  are  injected 
into  the  vaporiser.  At  starting  the  oil  and  air  are  sent  through 
the  same  cock  to  a  small  lamp  below  the  vaporiser,  which  serves  to 
heat  it  up. 

The  spray  maker,  seen  at  Fig.  116,  is  one  of  the  most  ingenious 
parts  of  the  motor.  According  to  the  makers,  the  pulverisation  of 
the  oil  and  its  complete  mixture  with  the  air  depend  on  the  shape 
of  the  two  nozzles,  as  shown,  and  their  exact  form  was  only  deter- 
mined after  numerous  experiments.  The  oil  passes  through  the 
central  tube  in  a  small  stream,  and  the  air  surrounding  it  is  turned 
back  with  considerable  force  to  meet  it,  the  result  being  that  the 
oil  is  driven  out  in  a  spray  as  fine  as  is  required.     Fig.  117  shows 
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Fig.  117.— Priestman  Oil  Engine 
Vaporiser.     1888-1899. 


the  vaporiser,  the  method  of  regulating  the  supply  by  the  governor, 
and  of  admitting  the  air  necessary  for  the  charge.  As  the  oil  and  air 
enter,  the  in  stroke  of  the  motor  piston  lifts  the  non-return  valve 
G,  and  draws  into  the  vaporiser  a  supply  of  air  from  outside 
through  the  throttle  valve  F.  This  auxiliary  charge  passes  through 
a  number  of  fine  holes,  d  d,  in  the  circular  air  passage  of  the 
vaporiser  b  b.  The  sudden  inrush  of  fresh  air  sweeps  forward  the 
oil  and  air  with  it  into  the  cylinder. 

Vaporiser. — The  vaporiser  is  divided  into  two  parts.  In  the 
first  the  oil  and  compressed  air  are  mixed  with,  and  broken  up  by^ 
the  air  admitted  through  F ;  in  the  second  the  charge  is  vaporised 
by  the  heat  from  the  exhaust  gases  which,  at  a  temperature  of 
about  600'  F,  are  led  through  pipe  H  (Fig.  114)  round  the  vapor- 
ising chamber,  before  being  allowed  to  escape  into  the  atmosphere. 
As   in   many  other  oil   engines,  air  is   twice  admitted,  a   small 
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quantity  to  spray  the  oil,  and  the  balk  afterwards,  to  mix  with  it, 
and  form  the  explosive  charge.  The  yaporiser  is  contained  in  the 
frame  of  the  engine,  under  the  cylinder,  as  seen  at  Pig.  114. 

Gk>Teraor. — The  speed  of  the  engine  is  regulated  by  means  of 
the  spindle  S  above  the  throttle  valve  (Fig.  117).  It  contains  a 
amall  V-shaped  opening  at  /  through  which  the  oil  is  admitted 
from  the  tank  to  the  spray  maker,  and  the  wing  of  the  valve  F  is 
keyed  to  the  lower  part  of  the  same  spindle.  The  section  of  the 
orifice  can  be  regulated  to  admit  a  given  quantity  of  oil.  If  the 
speed  is  too  great,  the  centrifugal  governor  arives  down  the  spindle, 
contracts  the  opening,  and  at  the  same  time  acts  upon  the  throttle 
valve,  and  reduces  the  quantity  of  air  passing  to  the  vaporiser. 
Thus  the  strength  of  the  explosions  is  varied,  the  proportions  of  oil 
and  air  being  always  the  same  per  stroke,  and  no  explosions  are 
ever  missed.  The  charge  then  passes  through  the  automatic 
admission  valve  n  (Fig.  115),  to  the  back  of  the  cylinder,  where  the 
usual  series  of  operations  in  four-cycle  motors  takes  place.  Electric 
ignition  is  used,  tlie  s(>ark  to  fire  the  charge  being  generated  by 
means  of  two  platinum  wires  in  a  battery,  shown  to  the  left  in 
Fig.  IH;  contact  is  established  by  a  projection  on  the  eccentric-rod. 
Tube  ignition  is  also  sometimes  used. 

The  shaft  driving  eccentric  k  causes  the  electric  ignition  of  the 
charge,  works  the  valve  e  to  open  the  exhaust,  and  drives  the 
small  air  pump  J.  A  small  hand  pump,  h  (Fig.  114),  is  used  to  force 
air  into  the  oil  tank,  before  the  engine  is  at  work.  To  start  it, 
the  handle  of  the  pump  is  worked,  a  cock  is  turned,  and  a  supply  of 
oil  from  the  tank  is  sent  to  the  lamp  below  the  vaporiser.  After 
lighting  the  lamp  a  few  turns  by  hand  are  given  to  the  flywheel, 
to  draw  a  charge  into  the  cylinder,  the  electric  current  is  switched 
on,  and  the  engine  begins  to  work.  The  oil  tank  and  vaporiser  are 
easily  accessible  through  the  opening  in  the  frame. 

Although  the  pressure  with  petroleum  vapour  rises  more  rapidly 
than  with  gas,  the  curve  of  pressures,  shown  by  the  indicator 
diagram  of  the  Pries tman  engine,  does  not  rise  as  high  as  in  gas 
motors,  owing  partly  to  the  larger  compression  space.  The  engine 
requires  no  lubrication.  A  small  portion  of  the  oil  is  condensed 
during  the  compression  stroke,  deposited  upon  the  inner  surfaces  of 
the  cylinder,  and  forms  a  layer  of  grease,  effectually  lubricating  the 
engine.  As  the  fuel  used  is  heavy  mineral  oil,  it  is  not  inflammable. 
Some  interesting  experiments  to  prove  this  have  been  made  by 
Professor  Robinson,  who  exhibited  an  engine  before  the  Society  of 
Arts  in  May,  1891,  in  which  the  air  was  shut  off  from  the  vaporiser, 
and  oil  injected  alone.  A  lighted  match  held  to  this  oil  jet  would 
not  ignite,  but  it  was  readily  fired  as  soon  as  the  air  was  again 
admitted,  to  divide  and  break  it  up. 

The  first  portable  Pries  tman  oil  engine  of  6  H.P.  was  exhibited 
at  the  Jubilee  Meeting  of  the  Agricultural  Society  in  18S9.  In 
this  and  similar  engines  the  motor  is  made  complete  in  itself  by  the 
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addition  of  a  tank,  the  water  from  which  is  circalated  in  the 
cylinder  jacket  by  a  pump  driven  by  an  eccentric.  The  construc- 
tion and  working  Hre  similar  to  those  of  the  horizontal  single 
cylinder  engine. 

Trials. — Several  excellent  trials  have  already  been  made  on  this 
engine,  chiefly  by  Professor  Unwin.  In  1889  he  tested,  at  the 
Agricultural  Show  at  Plymouth,  a  5  H.P.  horizontal  Priestman 
motor,  with  8|-inch  cylinder  and  12-inch  stroke.  Five  trials  were 
made  with  two  kinds  of  oil,  and  every  care  was  taken  to  ensure 
accurate  results.  In  the  first  test  an  American  oil  was  used,  of 
0-793  density,  flashing  point  77"  F.,  and  heating  value  about  19,700 
B.T.XJ.  per  lb.  The  four  other  trials  were  made  with  Russian  oil, 
of  density  0-822,  flashing  point  86'' F.,  and  a  calorimetric  value 
of  19,500  B.T.U.  per  lb.     Fig.  118  gives  a  diagram  taken  during 
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Fig.  118. — Priestman  Oil  EIngine — Indicator  Diagram. 

the  trials  with  Russian  oil     In  trials  at  full  power  the  following 
results  were  obtained  : — 

Rbsuu»  ot  Tbial  bt  Profbssob  Unwin  on  a  5  H.P. 
Priestman  Engine. 


Name  of  oil. 

No.  of 
Rerolu- 
tlonsper 

Mean 
Efflcieot 
Preaeure 
Lbi.  per 
8<i.  Inch. 

RttP. 

LH.P. 

Mechanical 
Efflcieucy. 

on 

Used 

aSfp. 

hour. 

per 
LH.P. 
hour. 

American  ''Day- 
light,"  .       . 
Russian,    . 

204 
207 

53-20 
41-38 

7-72 
6-76 

9-36 

7-40 

0-82 
0-91 

Lb. 
0-84 
0-94 

Lb. 
0-69 
0  86 
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The  heat  expenditure  was  as  follows  : — Heat  utilised,  16*  12  per 
cent. ;  carried  away  in  jacket  water,  47*54  per  cent  ;  in  exhaust 
gases,  26*72  per  cent  ;  lost  by  radiation  and  unaccounted  for,  9-61 
per  cent.  The  engine  was  examined  at  the  end  of  the  trials,  and 
found  to  he  perfectly  clean  and  free  from  soot  or  deposit,  and  the 
points  of  the  electric  wires  were  not  coated  with  carbon.  Another 
trial  was  carried  out  on  a  Priestman  engine  developing  6*76  B.H.P., 
>iy  Professor  Unwin  at  Hull  u\  1891.  With  Russian  oil  the  con- 
sumption was  0-94  lb.  per  B.H.P.,  and  0*86  lb.  per  I.H.P.  per  hour. 
Details  of  these  and  other  trials  will  be  found  in  Professor  Unwinds 
paper  already  quoted. 

Another  trial  was  carried  out  in  1890  by  Mr.  W.  T.  Douglass  on 
a  25 '5  B.H.P.  double-cylinder  Priestman  engine,  driving  an  electric 
plant,  in  which  the  consumption  was  1*1  lb.  of  oil  per  B.H.P.  per 
hour.  The  progressive  decrease  in  the  oil  consumption  per  H.P.  in 
these  engines  is  striking.  In  1888  1*73  lb.  of  oil  was  required  per 
B.H.P.  per  hour,  in  1889  1-42  lb.  At  Plymouth  the  consumption 
was  1*24  lb.,  and  in  the  latest  trials  by  Professor  Unwin  in  1891 
0-94  lb.  per  B.H.  P.  per  hour.  These  results  obtained  at  Agricultural 
Shows  are  satisfactory,  because  the  advantage  of  this  motor  is 
chiefly  as  an  agricultural  portable  engine,  in  fields  and  other  places 
where  gas  is  not  available. 

American  Type. — The  engine  has  been  taken  up  by  a  firm  in 
the  United  States,  where  oil  is  cheap.  It  is  in  considerable 
request,  because  it  utilises  heavy  cheap  petroleum  distillate,  and 
the  arrangements  for  atomising  the  oil  have  lately  been  improved. 
A  new  method  of  igniting  the  charge  has  been  introduced,  which 
is  said  in  some  respects  to  be  better  than  electricity.  The  low 
cost  of  petroleum  refuse  in  America  makes  this  engine,  in  which 
it  can  be  burnt  without  difficulty,  popular  in  the  United  States. 

Messrs.  Priestman  make  their  engines  horizontal  and  vertical,  in 
sizes  from  1  to  45  B.H.P.  The  larger  sizes  are  with  two  cylinders 
side  by  side.  The  horizontal  engines  run  at  from  300  revolutions 
for  smaller  sizes,  up  to  160  revolutions  per  minute  for  the  largest, 
vertical  engines  from  350  to  190  revolutions.  A  patent  self- 
starter  for  the  larger  sizes  has  been  introduced,  by  means  of  which 
a  charge  of  air  is  compressed  by  hand  into  the  motor  cylinder, 
carrying  with  it  a  sufficient  quantity  of  oil  vapour  to  explode  by 
contact  with  the  electric  spark. 

Zephyr  Spirit  Launch. — The  Yarrow  "  Zephyr  "  spirit  launch 
stands  in  a  different  category  to  other  oil  engines,  because  it  is 
the  only  motor  using  pure  and  highly  volatile  petroleum  spirit, 
having  a  density  of  0*68,  and  evaporated  in  the  same  way  as  steam. 
Sometimes  the  spirit  is  also  used  as  the  fuel.  Its  evaporative 
power,  and  therefore  its  heating  value,  is  not  so  great  as  ordinary 
kerosene,  about  12  per  cent,  less,  but  it  has  a  higher  pressure  for 
a  given  temperature  than  steam,  as  shown  by  Professor  Robinson'a 
tests.     At  a  temperature  of  155°  F.  it  has  a  pressure  of  10  lbs.  per 
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square  inch.  At  212**  F.  (the  temperatare  of  boiling  water)  its 
pressure  is  40  lbs.  per  square  inch,  while  at  300"  F.,  with  steam 
equal  to  50  lbs.  pressure  per  square  inch,  petroleum  spirit  has 
a  pressure  of  aboat  115  lbs.  It  is  easily  evaporated,  and  may  be 
cooled  without  condensing  to  a  temperature  of  130**  F.  Thus  the 
range  of  temperature  is  greater,  for  the  same  pressures,  with 
petroleum  spirit  than  with  steam,  and  since  efficiency  depends 
theoretically  upon  this  range,  more  work  should  be  obtained  under 
similar  conditions. 

As  petroleum  spirit  evaporates  at  a  lower  temperature  than 
steam,  less  heat  is  put  into  it  to  raise  it  to  the  same  pressure ; 
in  other  words,  if  the  same  amount  of  heat  be  applied  to  it  as  to 
steam,  a  much  higher  pressure  and  more  work  are  produced.  But 
as  less  heat  is  required  to  evaporate  it,  less  heat  is  withdrawn  in 
the  exhaust ;  the  quantities  of  heat  both  imparted  and  abstracted 
are  smaller  than  with  steam,  for  a  given  amount  of  work.  At 
atmospheric  pressure  nine  times  as  much  spirit  as  water  will  be 
evaporated  by  the  same  amount  of  heat,  but  the  spirit  being 
very  volatile,  it  does  not  increase  as  much  in  volume,  and  only 
expands  to  one-fifth  the  volume  of  steam. 

In  the  "  Zephyr "  launch,  the  spirit  is  introduced  into  a  spiral 
coil  enclosed  within  a  casing  of  non-conducting  material,  to  which 
heat  is  applied ;  the  spirit  is  evaporated,  and,  passing  into  the 
cylinder,  drives  the  piston  forward  by  its  pressure.  The  exhaust 
products  are  discharged  into  cooling  pipes,  where  they  are  liquefied 
and  forced  back  to  the  supply  tank,  the  inflammable  spirit  not  being 
brought  into  contact  with  the  air.  Thus  the  same  spirit  is  used 
over  and  over  again,  with  very  little  waste,  and  the  working 
principle  and  action  are  similar  to  those  of  a  surface  condensing 
steam  engine.  Ordinary  heavy  petroleum  is  generally  employed 
to  heat  the  spirit.  A  small  air  pump  driven  by  the  engine  forces 
air  into  the  oil  tank,  and  a  mixture  of  oil  vapour  and  air  is  injected 
as  spray  into  the  fire  box  or  furnace  beneath  the  coil,  in  the  same 
way  as  liquid  fuel  under  a  locomotive  boiler.  After  being  com- 
pletely vaporised  by  the  heat  it  is  mixed  with  more  air,  and  burns 
with  a  continuous  flame  like  a  Bunsen  burner. 
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CHAPTER    XX. 
OTHER  RRITISH  OIL  ENGINES. 

ConTBNTB.  —  HoniBbv- Akroyd — Tnuty  —  Roots  —  CroBslev  -  Otto — Griflfai— 
Weatherhogg — ^Kocket — Fieldins — Robey — Premier — Tanfye— Howard- 
Clarke  -  Chapman — Clayton  and  Shattleworth — CampbeU — Britannia- 
Midland  —  Blackstone  —  Globe  —  Cundall  —  Ideal  —  Gardner  —  Rnstonr- 
Thi8a»-43apel—Diidbridge—Atlaft—Petter— Small  Engines. 

The  Homiby-Akroyd  oil  engine  (1892^  was  one  of  the  first  in 
which  the  method  of  firing  the  charge  known  as  ''spontaneous 
ignition,"  for  which  neither  a  hot  tube  nor  electric  spark  is  neces- 
sary, was  introduced.  The  oil  is  injected  into  a  hot  chamber  at 
the  back  of  the  cylinder,  into  which  heated  air,  compressed  by  the 
back  stroke  of  the  piston,  is  forced  as  it  reaches  the  inner  dead 
point,  and  the  mixture  ignites  spontaneously.  The  internal  surfiuse 
of  this  chamber  is  provided  with  radiating  ribs,  to  afford  a  greater 
heating  area.  It  is  maintained  at  a  red  heat  by  the  combustion 
and  explosion  of  the  oil  and  air  at  every  other  stroke.  This  method 
has  been  introduced  into  many  other  engines,  English  and  foreign. 
The  motor  is  of  the  usual  four-cycle  type,  and  the  functions  of 
admission,  compression,  explosion  pltu  expansion,  and  exhaust  are 
carried  out  during  four  consecutive  strokes.  The  action  and 
method  of  vaporising  the  oil  will  be  best  understood  from  Fig.  119. 
In  this  figure  B  is  the  compression  space  into  which  the  piston 
does  not  enter,  and  C  the  combustion  chamber  beyond  it.  The 
walls  of  the  cylinder  and  the  valve  chest  are  cooled  by  a  water 
jacket.  The  highly  heated  charge  is  prevented,  by  the  inter- 
mediate compression  space  B,  from  coming  in  contact  with  the 
cooler  cylinder  walls.  Below  is  the  leonp  L  of  cast  iron,  with  an 
asbestos  wick,  used  t')  heat  the  combustion  chamber  or  vaporiser  at 
starting.  The  same  kind  of  oil  is  used  for  the  lamp  as  for  the 
engine.  Air  is  admitted  above  it  from  a  fan,  F,  worked  by  hand, 
and  as  it  enters  it  rapidly  brings  the  oil  to  a  strong  flame,  which 
issues  through  the  hole  at  the  top,  and  in  a  few  minutes  heats  the 
vaporiser  C.  As  soon  as  the  latter  is  red  Lot,  the  current  of  air  ia 
stopped,  the  lamp  extinguished,  and  the  engine  works  automati- 
cally, after  a  few  turns  of  the  flywheel  by  hand.  The  T-shaped 
air  and  exhaust  valves,  seen  at  c  and  d,  are  worked  by  cams  and 
levers  through  an  auxiliary  shaft,  geared  to  the  crank  shaft  2  to  1. 
These  valves  communicate  with  the  cylinder  through  the  same 
opening,  in  order  that  the  heat  of  the  exhaust  products  may  warm 
the  fresh  air  admitted  through  valve  d.     Between  the  vaporiser 
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and  the  admission  chamber  is  a  water-jacketed  back  pressure  valve, 
to  prevent  the  possibility  of  premature  ignition.     The  temperature 
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of  the  air  is  farther  ndaed  bj  the  heat  of  the  cylinder,  and  of  the 
back  compression  stroke.  As  the  piston  reaches  the  inner  dead 
point,  it  forces  the  compressed  air  into  the  hot  vaporiser  0,  where 
a  small  quantity  of  oil  is  injected  into  it  by  the  little  oil  pump 
O,  the  amount  being  regulated  by  adjusting  the  stroke  of  the  oil 
plunger.  This  pump,  worked  by  the  same  lever  as  the  exhaust, 
delivers  tbe  oil  in  a  liquid  condition,  and  not,  as  in  some  other 
oil  engines,  in  the  form  of  spray.  The  heat  of  chamber  C  and 
the  pressure  of  the  air  charge  immediately  vaporise  it;  the 
maximum  pressure  at  the  inner  dead  point  causes  the  ignition, 
and  the  piston  is  driven  out.  The  burning  charge  passes  into  the 
compression  space  of  the  cylinder  through  a  contracted  passage,  «. 
The  centrifugal  governor  G  acts  on  the  valve  through  which  the 
oil  is  admitted  to  the  vaporiser,  and  closes  the  narrow  tube  when 
the  speed  exceeds  the  normal  limits.  At  the  same  time  it  opens 
a  little  bye-pass  valve,  and  the  oil  is  sent  back  to  the  tank;  thus 
the  oil  pump  works  continuously,  the  governor  regulating  only  the 
direction  in  which  the  oil  passes.  The  larger  engines,  from  20 
B.H.P.  and  upwards,  are  started  by  means  of  a  reservoir,  into 
which  air  is  either  pumped  by  hand,  or  compressed  by  the  engine 
before  starting.     The  motor  is  lubricated  in  the  usual  way. 

Method  of  Vaporising  the  Oil.— -The  peculiar  feature  of  this 
engine  is,  that  no  attempt  is  made  to  vaporise  the  oil  or  convert  it 
into  spray,  until  it  is  actually  injected  into  the  combustion  chamber. 
Hence  the  density  of  the  oil  is  a  point  of  no  importance,  and  heavier 

petroleum  may  be  used  than 
in  most  other  engines.    The 
specific  gravity   of  the  oil 
varies   from    079   to  0-88, 
and   even    crude    oil    may 
sometimes  be  utilised.    The 
quantity  of  oil  injected  at 
a  time  is  very  small,  only 
'*^       about  '033  cubic   inch   per 
Pig.  120.— Homsby-Akroyd  Engine—         stroke  of  the  oil  pump  in 
Indicator  Diagram.  a  6  H.P.  engine.      The  pro- 

portion of  air  admitted  is 
sufficient  for  complete  combustion,  and  there  is  said  to  be  no  heavy 
residuum.  The  exhaust  products  are  used  to  warm  the  incoming  air, 
the  heat  of  combustion  to  vaporise  the  oil,  and  raise  the  temperature 
of  the  next  charge  to  the  ignition  point.  Much  of  the  heat  generated 
is  thus  utilised.  The  consumption  of  the  engine  is  about  1  pint  per 
hour  per  B.H.P.  Fig.  120  gives  an  indicator  diagram  of  an  engine 
yielding  6*74  H.P.  A  trial  of  a  25  B.H.P.  engine  was  made  bv 
Professor  Robinson  in  1898,  in  which  Russian  oil  was  used  of  0*82 
specific  gravity  and  19,100  B.T.U.  per  lb.  heating  value.  Heat 
efficiency  per  B.H.P.  18  per  cent.  Flashing  point  90"  F.  The 
consumption  of  oil  was  0-74  lb.  per  B.H.P.  hour.     Full  details  will 
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be  found  in  Table  No.  7.  The  engine  is  made  by  Messrs.  Homsbj, 
single  cylinder,  single-acting,  horizontal,  stationary,  from  1^  to 
50  B.H.P.,  portable  3^  to  20  B.H.P.  It  runs  at  250  to  170 
revolutions  per  minute,  with  a  piston  speed  of  450  to  650  feet  per 
minute.  The  Hornsby  is  specially  adapted  for  agricultural  or 
other  rough  work,  because  no  external  flame  is  required,  and  as  a 
portable  motor  it  is  much  used.  At  the  Cambridge  Show  in  1894 
two  of  these  engines  were  exhibited,  and  were  much  commended  for 
steadiness  in  running.  The  results  of  the  trials  will  be  found 
in  the  Table  of  Tests. 

Trusty  (1891). — A  different  method  of  vaporising  the  oil  has 
been  adopted  in  the  Trusty  engine,  brought  out  by  the  Trusty 
Engine  Works,  Cheltenham,  and  resembling  the  gas  engine  of  the 
same  name,  with  the  addition  of  an  apparatus  for  volatilising  the 
oil  Some  years  ago  an  engine  was  invented  by  Mr.  Knight  of 
Famham,  in  which  the  oil  was  vaporised  in  a  jacket  round  the 
combustion  chamber.  The  patent  of  this  engine  was  acquired  by 
the  makers  of  the  Trusty,  who  have  improved  the  principles  of  the 
early  motor.  In  the  Knight  engine,  ignition  was  obtained  by 
making  a  flame,  produced  by  the  action  of  bellows,  play  at  the  right 
moment  upon  a  coil  of  platinum  wire.  In  the  Trusty,  the  charge 
was  at  first  fired  by  directing  an  air  jet  upon  an  oil  flame,  but  this 
method  has  now  been  abandoned  in  favour  of  ordinary  tube 
ignition. 

The  engine  is  made  single-acting,  horizontal,  with  one,  two,  or 
four  cylinders ;  the  action  is  similar  to  that  described  in  the  Trusty 
four-cycle  gas  engine.  Fig.  121  gives  an  end  view,  with  the  method 
of  introducing  the  oil  into  the  vaporiser.  The  latter,  shown  at  V, 
consists  of  a  jacket  fitting  round  the  combustion  chamber  at  the 
compression  end  of  the  cylinder,  and  divided  internally  into 
sections.  The  air  admission  and  exhaust  valves,  S  and  S^,  are 
worked  by  levers,  L  and  L^,  from  a  side  shaft  gearing  into  the  main 
shaft  in  the  proportion  of  2  to  1 ;  in  the  latest  engines  the  valve 
box  is  at  the  side  of  the  cylinder.  At  O,  O^,  are  the  screws  for 
adjusting  the  valves ;  the  exhaust  outlet  is  at  £.  To  vaporise  the 
oil  it  is  drawn  through  the  pipe  p  from  a  tank  below  the  engine, 
and  pumped  from  the  horizontal  pump  P  through  the  second  pipe 
j[?p  into  the  column  or  receiver  C  at  the  top  of  the  engine.  From 
here  it  passes  into  the  jacket  or  vaporiser  Y  through  a  small  glass 
tube  above  the  cylinder,  through  which  it  is  admitted  drop  by  drop 
into  Y,  where  it  is  immediately  vaporised,  and  passes  through  the 
vapour  valve  H  to  the  combustion  chamber.  The  quantity  sent  to 
the  cylinder  is  regulated  by  the  stroke  of  the  oil  pump,  which  in  a 
4  H.P.  engine  is  about  \  inch  diameter.  The  igniting  tube  I  is  at 
the  back  of  the  cylinder  and  evaporating  chamber,  and  is  maintained 
at  a  red  heat  by  a  lamp,  J,  with  blow  flame.  It  is  the  heat  of  the 
inner  wall,  separating  the  vaporiser  jacket  from  the  combustion 
chamber,  which  vaporises  the  oil,  except  at  starting,  when  a  lamp 
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must  be  used  to  heat  it,  and  a  few  drops  of  oil  pumped  in  by  hancL 
The  rod  Q,  actuating  the  oil  pump  P,  is  worked  at  M  by  a  hit-and- 
miss  device,  controlled  by  the  inertia  governor  G.  If  the  speed  ia 
too  great,  the  projection  on  the  governor  cannot  reach  the  notch  on 

the  valve-rod  in  time,  a  lever 
D  is  interposed,  and  the  oil 
pump  does  not  work.  The 
lever  also  acts  upon  the  valve 
H,  admitting  the  oil  to  the 
cylinder,  and  the  supply  is 
thus  doubly  checked  by  the 
governor. 

As  the  combustion  of  the 
charge  takes  place  in  the 
compression  chamber,  the 
jacket  round  it  becomes  so 
hot  that  the  oil,  as  it  enters, 
is  instantly  turned  into 
vapour.  The  out  stroke  of 
the  piston  draws  in  a  charge 
of  fresh  air  through  the 
valve  Sj,  and  at  the  same 
moment,  through  valve  H, 
the  vaporised  oil  is  admitted 
into  the  compression  cham- 
ber from  the  jacket.  The  oil 
vapour  and  air  mingle  in  the 
cylinder,  and  are  compressed 
by  the  return  stroke  of  the 
piston,  driven  up  the  tube, 
ignited  in  the  ordinary  way, 
and  explosion  and  expansion 
of  the  charge  follow.  The 
parts  and  passages  being 
easily  accessible,  the  occa- 
sional cleaning  required  is 
carried  out  without  diffi- 
culty. Brozboume  light- 
house oil,  distilled  from 
Scotch  shflJe,  with  flashing 
point  150°  F.  and  specific 
gravity  0*81,  is  usually  em- 
ployed in  this  engine,  but  a 
much  heavier  oil  with  flashing 
point  240"  F.  may  be  used. 


121.— Trusty  Oil  Engine. 


Fig.  122.— Trusty  Oil  Engine— 
'    "     "    •  Diagram. 


Indicator  J 


In  a  trial  made  by  Mr  Beaumont  on  an  engine  giving  6*00  B.H.P. 
and  700  I.H.P.  the  consumption  was  0-82  lb.  oil  per  RH.P.  and 
0-69  lb.  per  I.H.P.  hour.     The  heat  efficiency,  taking  the  B.H.P., 
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was  16  per  cent.,  mechanical  efficiency  86  per  cent.  In  the  4*63 
B.H.P.  engine  shown  at  the  Cambridge  trials,  the  consumption  was 
1'19  lb.  per  B.H.P.  hour.  Particulars  of  these  and  other  tests  will 
be  found  in  the  tables.  Fig.  122  gives  an  indicator  diagram  of  the 
engine.  The  makers'  types  range  from  1^  to  40  B.H.P.  single 
cylinder,  or  two  cylinders  side  by  side,  horizontal ;  the  larger  sizes 
are  provided  with  a  self-starter.  Portable  engines  are  made  from 
3^  to  20  B.H.P.  The  Trusty  has  also  been  a^pted  for  propelling 
road  carriages,  and  for  oil  launches.  The  speed  of  the  engine  is 
from  300  to  160  revolutions  per  minute. 

Roots. — The  original  type  of  this  engine  was  described  in 
The  Engineer^  September  30,  1892,  but  the  design  has  since  been 
improved.  It  is  of  the  usual  four-cycle  kind,  and  the  oil  is  fed 
to  a  reservoir,  and  thence  to  the  cylinder,  by  a  pump.  The 
vaporiser  consists  of  a  cylindrical  chamber  placed  over  a  lamp, 
and  containing  a  series  of  spiral  spaces,  through  which  the  air  for 
vaporising  the  oil  is  drawn  by  the  suction  of  the  piston,  and 
heated  in  its  passage  to  the  oil  valve.  The  small  horizontal  oil 
pump  is  worked  by  a  cam  and  lever  from  the  side  shaft.  It  carries 
a  reciprocating  spindle  with  one  or  more  grooves,  which  are  filled 
with  oil  each  time  the  stroke  of  the  pump  sends  the  spindle  into 
the  oil  chamber.  During  the  return  stroke  it  is  brought  in  contact 
with  the  current  of  heated  air  from  the  vaporiser  jacket,  which 
sweeps  off  the  oil  from  the  grooves,  and  carries  it  on  as  spray 
to  the  chamber.  Here  it  is  completely  vaporised  by  the  heat  and 
the  force  of  the  air  blast,  and  mixed  with  a  further  supply  of  heated 
air  as  it  passes  to  the  admission  valve. 

A  ball  governor  acts  on  the  spindle  of  the  oil  pump,  and 
determines  the  number  of  grooves  entering  the  oil  chamber  to  be 
filled  at  each  stroke,  and  hence  the  quantity  of  oil  presented  to  the 
air  current  and  evaporated.  If  the  normal  speed  is  greatly 
exceeded,  the  exhaust  valve  is  also  held  open.  A  7  B.H.P. 
Boots  engine  was  exhibited  at  the  Cambridge  Show,  in  which  the 
oil  consumption  was  1*68  lb.  per  B.U.P.  hour.  The  author  tested 
an  engine  of  the  same  size,  and  found  the  consumption  of  oil 
1*1  lb.  per  B.H.P.  hour;  the  heat  efficiency  per  B.H.P.  was. 
12*4  per  cent. 

OroBsley-Otto. — The  Otto  may  truly  be  called  the  prototype 
of  all  modem  gas  engines,  and  to  its  many  advantages  has  been 
added  that  of  working  with  petroleum.  The  oil  motor  introduced 
by  Messrs.  Crossley  does  not  differ  much  from  the  Deutz-Otto, 
described  among  the  German  petroleum  engines.  It  has  a  timing 
valve  and  tube  ignition,  and,  as  in  nearly  all  other  oil  motors,  the 
cylinder  is  water  jacketed.  The  oil  is  drawn  from  a  tank,  and 
delivered  to  the  vaporiser  by  a  small  plunger  pump,  in  quantities 
exactly  proportioned  to  the  power  required.  The  exhaust  and  the 
valve  aamitting  the  charge  to  the  cylinder  are  worked  from  the 
side  shaft,  the  governor  acting  upon  the  former  on  the  "  hit-and- 
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miMM "  principle.  As  in  many  other  oil  engines,  the  lamp  is  an 
important  feature.  It  is  fed  with  oil  under  pressure  from  a  small 
air  pumpy  charged  bj  hand  once  or  twice  a  day,  and  heats  not 
only  the  tube,  but  a  coil  above  it  forming  the  vaporiser.  The 
air  to  vmorise  the  oil  is  previously  heated  by  the  exhaust  pro- 
ducts. The  consumption  of  the  engine  exhibited  at  Cambridge, 
which  gave  7*3  KH.P.,  was  the  lowest  recorded,  0-82  lb.  per  B.H:.P. 
hour,  and  it  was  much  commended.  Messrs.  Crossley  make  their 
engines  horixontal,  in  sises  from  2}  to  20  fi.H.P.,  and  portable 
from  2  to  10  U.P.,  and  they  run  at  from  250  to  180  revolutions 
per  minute. 

QriAn  (1892). — ^This  oil  engine,  brought  out  by  Messrs.  Griffin 
of  Bath,  must  be  distinguished  from  the  Griffin  gas  engine  made  by 
Dick,  Kerr  A  Oo.,  of  KUmamock.     The  ordinary  Beau  de  Rockas 
cycle  is  used,  and  there  is  an  explosion  every  other  revolution. 
It  is  a  single  cylinder,  horisontal  engine,  and  the  admission  and 
exhaust  valves  are  driven  from  a  side  shaft,  geared  to  the  crank 
shaft  in  the  usual  way.     It  is  the  only  engine,  with  the  exception 
of  the  Priestman,  in  which  the  oil  is  spray^  for  the  charge.     The 
vaporiser  is  placed  in  the  engine  bed,  below  and  at  right  angles  to 
the  cylinder.     The  sprey  is  formed  by  a  blast  of  air  compressed  in 
a  pump  to  12  lbs.  per  square  inch,  which  opens  the  oil  valve,  sucks 
up  the  oil  as  it  issues,  draws  it  by  induction  up  a  diagonal  tube, 
and  carries  it  ss  fine  spray  into  the  vaporiser.      Here  the  oil  is 
converted  into  vapour  by  the  heat  of  the  chamber,  which  is  ribbed 
internally,  and  surrounded  by  a  passage  for  the  circulation  of  the 
exhaust  gases.     Much  of  the  heat  of  explosion  must  pass  into 
this  chamber.     As  the  oil  vapour  emerges  at  the  other  side  of  the 
engine,  it  is  carried  to  the  cylinder  above,  and  mixed  in  its  passage 
with  more  heated  air,  to  form  an  inflammable  charge.     It  is  said 
to  be  so  highly  explosive  that  it  must  be  mixed  with  the  exhaust 
gases  to  prevent  premature  ignition,  and  the  makers  maintain  that 
this  dilution  produces  an  excellent  effect:     The  charge  then  enters 
the  cylinder,  and  is  i^ited  by  a  tube,  maintained  at  a  red  heat  by 
an  oil  spray  Bunsen  flame  in  the  following  way : — A  small  quantity 
of  oil  trickles  from  the  tank  to  a  little  vessel,  is  drawn  upward  by 
capillary  attraction,  broken  up  into  spray  by  a  blast  of  air  from 
the  pump,  and  carried  forward  into  a  pipe  kept  at  a  high  tem- 
perature  by   the  heat  from  the  burner.     Here  it  is  vaporised, 
ignited  at  the  Bunsen  burner,  and  the  flame  plays  continually  on 
the  tube. 

The  centrifugal  governor  acts  upon  the  air  pump,  and  throws  it 
out  of  gear,  if  the  normal  speed  is  exceeded.  Not  only  does  no 
oil  spray  reach  the  vaporiser,  but  there  is  no  pressure  of  air  to  lift 
the  oil  valve.  To  prevent  any  escape  of  heat,  the  governor  also 
closes  the  admission  and  exhaust  valves.  No  charge  either  enters 
or  leaves  the  cylinder,  and  therefore  the  latter  does  not  become 
chilled   by  an  inrush  of  cold  air.      At  starting  the  air  pump  is 
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worked  by  hand,  the  oil  spray  thus  formed  is  ignited,  and  in  ten 
minntes  the  vaporiser  is  said  to  be  sufficiently  hot  to  work  the 
engine.  An  8  B.H.F.  stationary  Griffin  motor  was  exhibited  at 
Cambridge  by  Messrs.  SamuelsoD,  of  Banbury.  The  Griffin 
Engineering  Co.,  Bath,  have  applied  the  engine  successfully  to  a 
launch.  The  motor  is  vertical,  with  two  cylinders  and  pistons, 
&nd  one  crosshead,  and  the  boat  runs  at  a  speed  of  seven  miles 
an  hour.  The  difficulty  of  reversing  the  motion  has  been  over- 
come by  having  two  screws,  a  left-handed  and  a  right-handed, 
and  coupling  the  motor  shaft  to  one  or  the  other  as  required. 
Drawings  of  this  launch  engine  will  be  found  in  Engineering, 
November  24,  1899,  and  of  the  original  type  in  Engineering, 
November  4,  1892. 

Weatherhogg. — The  Safety  engine,  made  on  Weatherhogg's 
Patent  by  Messrs.  Penney  k  Co.,  of  Lincoln,  is  chiefly  used 
as  a  portable  motor  for  industrial  purposes.  The  crank,  crank 
shaft,  and  connecting-rod  are  all  enclosed.  The  oil  is  drawn  from 
a  tank  in  the  bed  plate,  and  pumped  into  the  vaporiser  at  the 
back  of  the  cylinder.  The  latter  is  heated  by  the  same  flame  as 
the  ignition  tube,  and  vaporisation  is  said  to  be  complete.  The 
valves  are  worked  in  the  usual  way  from  a  side  shaft,  which  also 
drives  the  governor. 

Booket  (1893). — A  petroleum  engine  of  this  name,  specially 
adapted  for  pumping  purposes,  has  been  introduced  by  Messrs. 
Robert  Stephenson  &  Co.,  of  Newcastle.  It  is  made  under  Kase- 
lowski's  Patent,  and  is  similar  in  design  to  the  engine  constructed 
by  the  Berliner  Maschinen-bau  Gesellschaft  (formerly  Schwartz- 
kopff).  In  this  motor,  petroleum  from  a  tank  above  the  cylinder 
flows  into  a  receiver,  in  which  the  level  is  kept  constant  by  a  float. 
From  thence  it  passes  to  the  vaporiser,  a  cylindrical  chamber  heated 
at  starting  by  a  lamp,  and  afterwards  by  the  exhaust  gases.  On 
its  entrance  the  oil  is  sprayed  by  an  air  current,  diluted  with  a 
further  quantity  of  air,  and  vaporised  by  the  heat  as  it  passes 
downwards.  Before  it  reaches  the  clearance  space,  it  is  mixed 
through  an  automatic  valve  with  sufficient  air  to  make  it  inflam- 
mable, and  the  charge  is  admitted  to  the  cylinder  through  a  valve 
opened  by  the  governor.  If  the  normal  speed  is  exceeded,  a  trip 
piece  on  the  governor  does  not  catch  in  the  spindle  of  tliis  valve, 
and  no  charge  enters.  At  the  same  time  another  valve  is  opened, 
and  air  is  allowed  to  escape,  thus  reducing  the  pressure  in  the 
cylinder,  and  preventing  compression.  Ignition  is  by  hot  tube  with 
a  timing  valve,  worked  by  a  cam  and  lever  from  the  side  shaft. 
Drawings  and  a  description  of  this  engine  will  he  found  in  The 
Engineer,  May  5,  1893.  It  is  made  horizontal,  single  cylinder, 
in  sizes  from  1  to  10  H.P.  A  trial  was  made  on  a  7*26  B.H.P. 
engine,  in  1895,  by  Professor  Robinson,  in  which  the  consumption 
oC  American  oil  was  0*86  lb.  per  B.H.P.  hour.  The  engine  ran  at 
200  revolutions  per  minute. 
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Yielding  (1894).— The  oil  engine  brought  out  bj  Mc 
Fielding  A  Piatt,  of  Oloncester,  is  nmilar  to  their  gms  motor,  with 
the  adcUtion  of  a  vaporiser.  The  method  of  vaporising  the  oil  is 
ingenious.  The  oombined  vaporiser  and  igniter  consist  of  two 
horizontal  tubes,  one  above  the  other,  connected  by  a  valve,  and 
contained  in  a  chamber  forming  a  prolongation  of  the  cjlinder. 
Both  are  heated  bj  a  blast  oil  lamp,  the  lower  tube,  in  which 
the  charge  is  ignited,  being  brought  to  a  cherry-red,  and  the  upper 
to  a  dull-red,  heat  A  jet  of  oil  is  sent  by  a  little  pamp  into  the 
upper  tube,  together  with  a  small  current  of  air  previously  heated 
by  the  lamp.  The  two  pass  through  a  valve  into  the  lower 
iffniting  tube,  the  heat  of  which  ensures  complete  vaporisation,  and 
thence  to  the  cylinder,  where  they  are  mixed  with  more  air,  enter- 
ing through  an  automatic  valve,  to  render  the  charge  explosive. 
The  next  compression  stroke  drives  them  back  into  the  lower 
ignition  tube,  which  is  open  to  the  cylinder  without  a  timing 
valve ;  the  charge  is  fired  and  the  cycle  completed.  The  lamp  is 
fed  from  a  small  separate  reservoir,  the  pressure  in  which  is  main- 
tained, and  the  oil  raised  for  the  lamp,  by  means  of  a  hand  pomp 
at  starting.  As  soon  as  the  engine  is  at  work,  the  piston  daring 
the  exhaust  stroke  uncovers  a  small  port  opening  to  the  oil 
receiver,  and  the  pressure  of  the  exhaust  gases  is  utilised  to  force 
a  small  portion  of  the  oil  into  the  tube  leading  to  the  lamp,  which 
is  thus  fed  automatically.  The  admission  and  exhaust  vslvea  and 
oil  pump  are  driven  by  cams  from  the  side  shaft,  and  acted  on.  by 
the  ball  governor.  If  the  normal  speed  is  exceeded,  the  exhaust  is 
held  open,  the  supply  of  oil  cut  off,  and  the  automatic  air  admission 
valve  is  closed  by  the  fall  in  pressure.  Thus  there  are  no  explo- 
sionsy  and  all  the  valves  are  thrown  out  of  gear.  The  makers 
consider  that  ignition  is  more  certain  if  the  vaporiser  is  heated  by 
a  lamp,  than  if  the  internal  heat  of  the  engine  alone  be  relied  on  to 
raise  the  temperature,  but  for  small  powers  the  lamp  can  be 
dispensed  with.  The  engine  is  made  in  sizes  from  1^  to  40  B.H.P., 
horizontal,  both  portable  and  stationary,  and  runs  at  350  to  175 
revolutions  per  minute.  The  consumption  is  said  to  be  a  little  less 
than  1  lb.  oil  per  H.P.  hour.  An  8  B.H.P.  motor  was  exhibited 
at  the  Cambridge  Oil  Engine  Trials. 

Bobey  (1894). — The  Kobey  oil  engine  was  also  shown  at  Gam- 
bridge  in  1894,  and  at  Darlington  in  1895.  It  is  similar  to  the 
four-cycle  gas  engine  of  the  same  makers,  with  the  addition  of  a 
vaporiser,  and  embodies  some  of  the  latest  improvements  in  oil 
engines,  which  all  tend  in  the  direction  of  greater  simplicity.  It 
has  no  injection  tube  or  external  lamp,  nor  is  the  oil  sprayed  or 
broken  up  before  it  enters  the  vaporiser.  Heavy  petroleum  is 
generally  used,  with  a  flashing  point  of  240'  F.  It  is  drawn  from  a 
tank  in  the  base  by  a  small  oU  pump  worked  by  an  eccentric  on  the 
valve  shaft,  pumped  into  an  accumulator,  and  thence  to  a  trip  box. 
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The  governor  on  the  valve  shaft  actuates  the  lever  and  spindle  of 
the  trip  box,  and  sends  on  a  small  quantity  of  oil  drop  by  drop,  as 
required,  to  the  vaporiser.  In  order  that  there  may  always  be  a 
sufficient  supply  of  oil  to  the  cylinder,  the  pump  delivers  more  to 
the  accumulator  per  stroke  than  is  drawn  from  the  trip  box,  the 
excess  being  sent  back  to  the  reservoir;  thus  a  steady  pressure 
is  maintained  by  the  accumulator  in  the  oil  valve  or  trip  box. 
The  combined  vaporiser  and  igniter  are  placed  in  the  centre  of  the 
combustion  chamber,  at  the  back  of  the  cylinder.  Behind  them  ia 
the  exhaust  valve,  the  air  admission  is  immediately  below  the 
va{)ori8er,  and  both  valves  are  worked  by  cams  and  levers  from 
the  side  shafb.  The  products  of  combustion  pass  through  the 
vaporiser  before  they  are  discharged,  and  combine  with  the  heat 
of  the  explosions  to  keep  it  at  a  high  temperature.  When  the 
oil  is  delivered  to  the  vaporiser  the  air  valve  is  lifted,  a  supply 
of  air  heated  by  passing  through  the  base  of  the  engine  enters, 
and  mixes  with  the  vaporised  oil  to  form  the  charge.  The  next 
compression  stroke  drives  them  back  into  the  vaporiser,  which 
communicates  with  the  cylinder  through  a  narrow  opening  without 
a  timing  valve.  The  charge  is  fired,  and  explosion  takes  place  not 
only  withm  the  vaporiser,  but  outside  in  the  combustion  chamber. 
The  return  stroke  drives  out  the  products  of  combustion  through 
the  chamber,  thus  sweeping  it  clean,  and  keeping  it  free  from 
tarry  deposit  The  exhaust  valve  and  explosion  chamber  are  water 
jacketed,  as  well  as  the  cylinder,  but  have  a  separate  drain  pipe. 
The  vaporiser  is  heated  at  starting  by  a  lamp  fed  by  a  blast  of 
air  from  a  fan  worked  by  hand,  but  in  the  latest  types  the  fan 
has  been  dispensed  with,  and  a  new  kind  of  lamp  is  used,  which 
is  almost  automatic  in  its  action.  The  ball  governor  acts  through 
a  hit-and-miss  arrangement  on  the  oil  supply  valve,  and  throws 
it  out  of  gear  if  the  normal  speed  is  exceeded,  thus  wholly 
suspending  the  admission  of  oil.  The  engine  is  made  horizontal, 
single  cylinder,  stationary,  in  sizes  from  3^  to  20  B.H.P.,  and 
portable  from  7  to  14  B.H.P.,  and  runs  at  300  to  200  revolutions 
per  minute. 

Premier  (1894). — In  this  engine  made  by  Messrs.  Wells,  of 
Sandiacre,  all  the  valves,  as  well  as  the  governor  and  oil  pump, 
are  driven  by  one  cam  from  the  side  shaft,  which  actuates  a  vertical 
rocking  lever,  held  in  position  by  a  strong  spring.  The  lever 
opens  the  exhaust  and  admission  valves,  while  a  link  from  it  works 
the  oil  pump.  The  top  of  the  lever  terminates  in  a  knife  edge, 
and  the  governor  consists  of  a  simple  horizontal  bar  above  it, 
balanced  on  a  pivot  in  the  centre,  with  a  notch  at  one  end,  and 
weighted  at  the  other,  furthest  from  the  lever.  At  ordinary 
speeds  the  spring  keeps  the  lever  in  position,  the  exhaust  is 
closed,  and  the  admission  valve  opened,  at  the  right  moment,  and 
the  knife  edge  is  clear  of  the  notch.      If  the  number  of  revolu- 
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tions  is  increased,  the  horizontal  bar  does  not  rise  in  time,  the 
notch  is  caught,  the  raoYempnt  of  the  lever  arrested,  and  conse- 
quently all  the  valves  are  thrown  out  of  gear.  The  exhaust  reaudns 
open,  and  no  charge  enters  the  cylinder,  or  is  sent  to  the  oil 
valve.  The  vaporiser  is  a  separate  chamber  at  the  back  of  the 
cylinder,  heated,  as  well  as  the  ignition  tube,  by  a  lamp;  the 
latter  is  fed  by  a  blast  of  air  from  a  pump,  worked  by  an  eccentric 
from  the  side  shaft.  The  oil  runs  from  a  receiver  above  it  into 
the  oil  valve  box.  Here  a  fixed  quantity  is  measured  into  a 
small  cavity  in  the  plug  of  the  rotatory  oil  pump,  which  is  driven 
by  the  link  oflf  the  rocking  lever.  As  the  plug  turns,  the  oil  is 
discharged  on  to  a  hot  slanting  iron  plate,  and  is  vaporised  as  it 
runs  down.  The  opening  of  the  admission  valve  induces  a  current 
of  air  through  the  vaporiser,  which  sucks  the  oil  vapour  into  the 
cylinder.  Thus  it  is  converted  into  vapour  before  it  is  mixed 
with  any  air,  and  in  accordance  with  the  latest  views  it  is  not 
sprayed  or  broken  up,  but  dropped  in  a  liquid  condition  into  the 
vaporiser.  Air  is  only  added  to  it  onoe,  to  render  it  inflammable-. 
Heavy  oil,  Russian  or  American,  can  be  used,  and  as  the  oil  is 
vaporised  in  minute  quantities  as  required,  its  density  is  a  point  of 
no  importance. 

This  oil  engine  is  made  single  cylinder,  horizontal,  in  sizes  from 
2  to  15  B.H.P.,  and  runs  at  260  to  200  revolutions  per  minute.  A 
6^  B.H.P.  motor  was  exhibited  at  Cambridge,  and  was  com- 
mended for  the  simplicity  of  the  working  parts. 

Tangye  (1895). — It  would  be  difficult  to  design  a  simpler  oil 
engine  than  the  Tangye,  introduced  in  1895.  There  is  no  pump, 
fan,  or  storage  of  oil  or  air  under  pressure,  and  only  two  valves,  for 
admission  and  exhaust,  worked  by  cams  from  the  side  shaft.  A 
peculiar  feature  is  that  the  oil  is  not  perfectly  vaporised  when 
it  enters  the  cylinder,  but  only  becomes  so  when  driven  back 
during  the  compression  stroke  into  the  hot  vaporiser  and  com- 
bustion chamber.  Any  ordinary  oil  can  be  used.  From  a  small 
tank  above,  containing  sufficient  for  a  day's  supply,  the  oil  runs 
to  the  admission  valve,  the  quantity  per  stroke  being  adjusted 
automatically.  From  hence  it  passes,  together  with  a  current  of 
air  at  high  pressure,  to  the  vaporiser,  placed  between  the  cylinder 
and  the  hot  ignition  tube.  At  starting  the  vaporiser  is  heated  by 
a  small  wickless  oil  lamp,  but  as  soon  as  the  engine  is  at  work  the 
lamp  is  shifted  beneath  the  ignition  tube,  and  the  proximity  to  the 
cylinder  and  tube  are  sufficient  to  keep  the  vaporiser  at  a  high 
temperature.  The  oil  already  partly  mixed  and  vaporised  is  carried 
forward  with  the  air  into  the  cylinder,  the  next  stroke  sends  the 
charge  back  through  the  vaporiser,  where  it  is  finally  converted 
into  vapour,  to  the  ignition  tube,  communication  with  which  is 
opened  by  a  timing  valve  worked  from  the  side  shaft,  and  the  cycle 
is  then  completed.     The  governor  acts  by  holding  the  exhaust  open 
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and  the  admission  valve  closed,  thus  checking  the  supply  of  both 
oil  and  air  to  the  cylinder.  The  engine  is  made  horizontal,  single 
cylinder,  in  sizes  from  1  to  6  B.H.P.,  and  runs  at  230  to  200 
revolutions  per  minute.  The  consumption  in  a  4  B.H.P.  motor  is 
said  to  be  less  than  1  lb.  per  B.H.P.  hour.  Fig.  123  gives  a  general 
view  of  this  engine. 


Fig.  123.— Tangye  Oil  Engine.     1895. 


Howard. — An  oil  engine  of  the  ordinary  Otto  cycle  type  was 
brought  out  in  1895  by  Messrs.  Howard  Brothers,  of  Bedford. 
The  oil  is  drawn  from  a  tank,  and  delivered  through  a  nozzle  by  a 
small  oil  pump,  worked  by  a  cam  and  lever  from  the  side  shaft,  into 
the  vaporiser.  A  small  current  of  air  is  drawn  in  at  the  same  time, 
sufficient  to  break  up  and  spray  the  oil,  but  not  to  render  it 
inflammable.  The  vaporiser  at  the  end  of  the  water- jacketed  com- 
bustion chamber  is  in  three  divisions,  the  centre  being  the  hottest, 
and  is  heated  by  a  lamp,  which  also  serves  to  maintain  the  ignition 
tube  at  a  red  heat.  The  oil  for  this  lamp  is  fed  from  a  separate 
receiver,  into  which  it  is  forced  by  a  pump,  of  which  there  are  two, 
supplying  oil  both  to  the  vaporiser  and  to  the  lamp.  The  surplus 
is  returned  to  the  tank.  The  already  vaporised  oil  passes  to  the 
admission  valve,  and  thence  to  the  combustion  or  mixing  chamber. 
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where  it  in  diluted  with  the  main  supply  of  air,  drawn  in  throiurh 
an  automatic  valve  at  the  side  of  the  engine,  and  the  two  are  con- 
veyed to  the  cylinder,  compressed  and  ignited  in  the  usual  way. 
Communication  between  the  vaporiser  and  combustion  chamber  is 
shut  off  by  the  admission,  or  as  it  is  sometimes  called  the  vapour 
valve,  except  during  the  injection  of  oil.  There  is  no  timing  valve 
to  the  tube  except  in  large  power  engines,  the  moment  of  ignition 
being  determined  by  the  length  of  the  tube.  The  two  valves 
regulating  the  supply  of  oil  to  the  vaporiser,  and  the  admission  of 
the  charge  to  the  cylinder,  are  both  controlled  by  the  ball  governor, 
on  the  hit-and-miss  principle.  The  heat  of  the  lamp  vaporises  the 
oil  supplying  it.  The  Howard  engine  is  made  stationary  in  sizes 
from  2}  to  16  B.H.P.,  and  porUble  from  4  to  16  B.H.P.  In  the 
latter  type  the  circulating  water  is  cooled  by  a  special  arrange- 
ment of  the  water  tank. 

Clarke,  Chapman  ft  Co.  (1894). — ^The  oil  engine  made  by  this 
firm  on  Butler's  patents,  is  similar  in  design  to  their  gas  engine, 
with  the  addition  of  a  vaporiser.  It  has  a  circular  balanced  rotary 
valve,  driven  from  a  valve  shaft,  and  revolving  at  one-quarter  the 
speed  of  the  engine.  The  method  of  vaporising  the  oil  is  shown  in 
the  accompanying  sketch  (Figs.  124  and  125).  The  vaporiser  is  s 
chamber  having  two  concentric  spaces,  one  within  the  other,  the 
exhaust  gases  from  the  engine  being  carried  into  the  hollow  central 
space,  nnd  thence  discharged.  The  heat  thus  obtained  is  sufficient 
to  vH|»orise  the  oil,  which  flows  by  gravity  from  a  tank  to  the  cone 
over  the  exhaust.  At  the  same  time  heated  air  is  drawn  in  by  the 
action  of  the  engine,  and  breaks  up  the  oil,  already  volatilised  bj 
the  heat  of  the  exhaust  gases.  Both  pass  as  shown  in  the  drawing 
to  the  inspirator,  and  are  mixed  on  their  way  with  another  supply 
of  air,  drawn  in  automatically  through  a  nozzle  by  the  suction  of 
the  piston.  Thus  air  is  twice  mixed  with  the  oil  vapour,  and  the 
inflammable  charge  is  then  treated  in  the  same  way  as  in  the 
Clarke-Chapman  gas  engine.  It  is  conveyed  by  the  supply  pipe  to 
the  rotary  valve  and  thence  to  the  engine,  and  the  speed  is  regu- 
lated by  a  throttle  valve  in  the  supply  pipe,  acted  on  by  the 
governor,  as  already  described.  If  the  normal  speed  is  exceeded, 
,  the  governor  checks  the  quantity  of  the  charge  passing  to  the 
engine,  and  thus  the  degree  of  compression,  and  strength  of  the 
explosion.  Electric  ignition  is  useil.  To  start  the  engine  the 
makers  prefer  to  use  a  small  quantity  of  light  benzoline,  which  will, 
it  is  said,  bring  it  into  working  order  in  2^  minutes ;  it  can  then 
be  driven  with  ordinary  oil.  For  the  larger  sizes  a  self-starter  is 
now  provided.  To  cleanse  the  cylinder  as  far  as  possible  of  the 
products  of  former  combustion,  rather  high  compression  is  employed. 
In  a  test  made  at  the  Works  at  Gateshead  on  an  engine  developing 
11^  B.H.P.,  the  charge  was  compressed  to  45  lbs.,  and  the  maxi- 
mum pressure  of  explosion  was  165  lbs.  per  sq.  inch. 

The  engine  is  made  in  sizes  from  1  to  45  B.H.P.,  horizontal, 
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single  cylinder,  and  runs  at  240  to  180  revolutions  per  minute. 
A  6  B.H.P.  stationary  and  a  12  B.H.P.  portable  engine  were 
exhibited  at  Gam  bridge,  and  were  the  only  motors  using  electric 
ignition.  The  consumption  in  the  portable  engine  was  1*25  lb. 
oil  per  B.H.P.  hour.  A  14  B.H.P.  portable  engine  was  ex- 
hibited at  the  Darlington  Agricultural  Show  in  1895.  Some 
of  the  latest  engines  are  made  to  run  interchangeably  with  oil 
or  gas. 

Clayton  and  Shuttleworth. — It  is  claimed  for  the  engine  made 
by  this  firm  that  it  will  work  with  any  oil,  however  heavy,  and 
even  with  Brozbourne  shale  oil  of  240'  F.  flashing  point,  and  that 
it  can  be  converted  without  difficulty  into  a  gas  engine.  The 
motor  is  of  the  ordinary  four-cycle,  single-acting  type,  with  mush- 
room valves  worked  from  a  side  shaft  in  the  usual-  way.  The  oil  is 
drawn  from  a  tank  above,  and  sent  to  the  vaporiser  drop  by  drop 
as  required  by  a  small  oil  pump,  acted  on  by  a  pendulum  governor. 
Here  it  is  mixed  with  a  small  quantity  of  air.  The  speed  can  be 
varied  within  certain  limits,  while  the  engine  is  running,  by  ad- 
justing the  weight  on  the  pendulum  rod.  If  the  normal  number 
of  revolutions  is  exceeded,  the  governor,  on  the  '^hit-and-miss" 
principle,  cuts  off  the  supply  of  oil,  and  also  closes  the  valve 
admitting  it  to  the  cylinder.  The  vaporiser  is  simply  an  extension 
in  the  shape  of  a  jacket  at  the  back  of  the  cylinder,  and  is  said  to 
vaporise  the  oil  thoroughly,  without  deposit,  and  without  requiring 
an  air  blast  to  break  it  up.  The  ignition  tube  is  kept  at  a  red 
heat  by  a  small  blow  lamp,  which,  with  the  heat  of  the  explosions 
in  the  cylinder,  suffices  to  maintain  the  vaporiser  at  the  required 
temperature.  From  hence  the  oil  vapour  is  drawn  into  the 
cylinder  by  the  suction  of  the  piston,  together  with  the  main  supply 
of  air  through  a  separate  valve.  To  start  the  engine,  the  vaporiser 
must  be  previously  heated,  and  oil  pumped  into  it  by  hand.  In 
the  latest  engines  a  new  patent  igniter  has  been  introduced.  It 
consists  of  a  very  small  cast-iron  tube  containing  a  steel  needle 
surrounded  with  asbestos,  which  is  placed  horizontally  inside  the 
vaporiser  and  combustion  chamber,  and  open  to  the  cylinder.  An 
external  lamp  is  used  at  starting,  but  after  the  first  few  strokes  the 
heat  of  the  explosions  is  sufficient  to  maintain  this  inner  tube  at  a 
red  heat,  and  it  fires  the  charge  at  the  end  of  the  compression 
stroke.  The  Clayton  is  one  of  the  latest  and  simplest  oil  engines. 
Trials  were  made  on  a  6  B.H.P.  motor  in  1893,  and  showed  a  con- 
sumption per  B.H.P.  hour  of  0*82  lb.  of  oil  of  0-80  density,  and 
19,500  T.U.  heating  value.  The  mechanical  efficiency  was  85  per 
cent.,  and  beat  efficiency  16  per  cent.,  a  good  result  for  so  small  an 
engine.  The  low  consumption  showed  that  the  oil  was  more  or 
less  completely  vaporised.  Similar  results  were  obtained  in  a  later 
trial.  The  engine  is  made  horizontal,  single  cylinder,  in  sizes  from 
1^  to  24  B.H.P.,  and  runs  at  260  to  240  revolutions  per  minute, 
with  a  piston  speed  of  350  to  680  feet  per  minute. 
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Campbell. — This  is  a  four-cycle  oil  engine  of  the  Otto  type, 
resembling  the  gas  engine  by  the  same  miners,  with  the  addition 
of  a  vaporiser.  Like  most  of  the  latest  English  petroleum  motors 
it  is  very  simple  in  construction,  having  no  pump;  there  are 
only  two  mushroom  valves,  inlet  and  exhaust.  The  oil  flows  by 
gravity  from  a  tank  above  to  a  small  supply  pipe  terminating  in 
two  fine  holes  round  the  automatic  admission  valve.  The  suction 
of  the  piston  during  the  out  stroke  draws  down  this  valve,  a 
current  of  air  enters  from  above,  and  a  minute  quantity  of  oil 
through  the  holes  at  right  angles  to  it.  The  oil  is  broken  up  by 
the  inrush  of  air,  and  sprayed  by  being  projected  against  the  sides 
of  the  valve  chamber.  The  two  then  pass  to  the  vaporiser  below, 
which  with  the  ignition  tube  ia  contained  in  a  chamber  at  the  side 
of  the  cylinder,*  and  kept  at  a  red  heat  by  the  flame  of  a  lamp. 
The  exhaust  is  at  the  back  of  the  engine. .  The  oil  already  sprayed 
is  vaporised  by  the  heat  of  the  chamber,  and  the  charge  passes  to 
the  cylinder;  the  next  compression  stroke  drives  it  into  the 
ignition  tube,  where  it  is  fired  in  the  usual  way.  There  are  no 
timing  or  vapour  admission  valves.  In  so  simple  an  engine  the 
speed  is  easily  regulated  on  the  **  hit-and-miss  "  principle.  The  ball 
governor  on  the  side  shaft  acts  on  the  exhaust,  and  holds  it  open  if 
the  normal  speed  is  exceeded.  As  there  is  no  vacuum  in  the 
cylinder,  the  automatic  admission  valve  does  not  rise,  and  no  air  or 
oil  can  enter.  A  4  B.H.P.  motor  was  exhibited  at  the  Cambridge 
trials,  and  consumed  1*12  lb.  oil  per  B.H.P.  hour.  The  engine 
is  made  horizontal,  single  cylinder,  in  sizes  from  1  to  45  B.H.P. 
for  fixed,  and  3 J  to  17  B.H.P.  for  portable  engines,  and  vertical 
from  1  to  4  B.H.P.,  and  runs  at  270  to  150  revolutions  per 
minute.  A  vertical  two-cylinder  type  is  also  made  for  boats, 
from  2^  to  15  B.H.P.  The  latest  engines  are  started  by  a  new 
patent  arrangement. 

Britannia. — A  motor  of  their  own  design  (Gibbon's  patent)  has 
been  brought  out  by  the  Britannia  Co.,  and  was  exhibited  at 
Darlington  in  1895.  The  vaporiser,  which  also  serves  for  the 
ignition  of  the  charge,  ia  an  extension  at  the  side  of  the  cylinder, 
and  the  oil  is  injected  into  it  by  a  small  pump  worked  by  a  cam  on 
the  side  shaft.  It  is  heated  by  a  lamp  at  starting,  the  heat  of  the 
explosions  is  said  to  be  afterwards  sufficient  to  vaporise  the  oil,  and 
fire  the  charge.  Air  is  drawn  in  from  a  jacket  surrounding  the 
vaporiser  and  combustion  chamber,  and  is  admitted  through  ports 
in  a  piston  valve,  which  also  carries  another  set  of  ports  to  dis- 
charge the  exhaust  products,  and  is  worked  by  a  cam  on  the  valve 
shaft.  From  hence  the  charge  passes  to  the  cylinder,  with  which 
the  vaporiser  communicates.  The  governor  acts  on  the  oil  pump, 
and  increases  or  diminishes  the  time  during  which  it  delivers  oil  to 
the  vaporiser,  in  accordance  with  the  speed.  A  drawing  of  the 
engine  is  given  in  Engineering,  Feb.  21,  1896. 

The  Midland,  made  by  the  well-known  firm  of  Taylor  &  Sons, 
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Nottingham,  and  resembling  the  gas  engine  of  the  same  name, 
is  one  of  the  simplest  of  oil  motors.  The  vaporiser  is  heated  hj  a 
lamp  at  starting,  but  when  the  engine  is  once  at  work  the  heat  of 
the  explosions  is  sufficient  to  vaporise  the  oil,  and  fire  the  charge, 
without  an  ignition  tube.  The  engine  is  constructed  in  sizes  from 
1  to  20  B.H.P.,  horizontal  only,  and  runs  at  300  to  180  revolutions 
per  minute. 

The  Blaokstone  is  an  oil  motor  of  the  ordinary  Utto  type,  made 
by  the  Blackstone  Company,  Stamford,  who  have  acquired  Carter's 
patents.  The  vaporiser  consists  of  a  jacket,  or  annular  chamber, 
surrounding  thechimney  of  the  ignition  tube,  and  both  vaporiser  and 
hot  tube  are  heated  by  a  blow  lamp  fed  with  oil  under  pressure  by 
a  pump  from  a  reservoir  in  the  base  of  the  engine.  Oil  is  supplied 
to  the  vaporiser  by  another  pump,  the  plunger  of  which  sends  on, 
at  the  same  time,  a  minute  quantity  of  air  to  break  up  the  oil. 
Both  pumps  are  worked  from  the  side  shaft.  On  leaving  the 
vaporiser  the  charge  passes  to  the  automatic  admission  or  vapour 
valve,  as  it  is  called,  where  it  is  diluted  with  more  air  to  form 
an  explosive  charge,  and  drawn  into  the  cylinder.  The  speed  of 
the  engine  is  regulated  by  a  centrifugal  governor,  which  acts  on 
the  oil  pump  to  the  vaporiser,  and  on  the  vapour  valve,  and  cats 
off  the  supply  to  both  if  the  normal  speed  is  exceeded.  The  com- 
pression stroke  drives  the  charge  of  oil  and  air  up  the  open 
ignition  tube,  where  it  ignites,  but  larger  engines  are  fitted  with  a 
timing  valve.  The  exhaust  valve  below  the  cylinder  is  worked 
from  the  cam  shaft  in  the  usual  way.  The  engine  is  made  hori- 
zontal only,  in  sizes  from  11  to  14  B.H.P.,  and  runs  at  300  to  150 
revolutions  pev  minute.  It  can  be  converted  into  a  gas  engine 
with  little  trouble,  and  this  in  some  cases  is  a  convenience. 

The  Globe,  made  by  Pollock,  Whyte  <k  Waddel,  is  an  engine 
of  the  ordinary  type,  with  mushroom  valves  mechanically  driven, 
and  hot-tube  ignition.  In  the  method  of  treating  the  oil  it 
resembles  the  Blackstone.  Petroleum  flows  by  gravity  from  a 
reservoir  above  to  a  valve  worked  from  the  side  shaft,  and  thence 
to  the  vaporiser,  a  circular  chamber  at  the  back  of  the  cylinder, 
placed  above  the  ignition  tube,  and  heated  by  the  same  lamp.  A 
small  quantity  of  air  enters  through  a  little  hole  at  the  side,  and 
helps  to  convert  the  oil  into  vapour.  The  two  then  pass  through 
a  '*  vapour "  valve  to  the-  cylinder,  being  further  diluted  on  the 
way  by  the  main  supply  of  air  through  another  valve.  If  the 
normal  speed  is  exceeded,  the  inertia  governor  acts  upon  the 
vapour  and  oil  valves,  and  wholly  cuts  off  the  supply,  and  air  only 
enters  the  cylinder  until  the  speed  is  reduced.  The  engine  is  said 
to  work  well,  but,  as  the  main  supply  of  air  is  admitted  cold,  it 
must,  to  a  certain  extent,  chill  and  condense  the  oil  vapour,  and, 
when  the  governor  acts,  cool  the  cylinder.  The  engine  is  made 
in  sizes  from  1  to  50  B.H.P.,  horizontal  only,  single  cylinder, 
single-acting,  and  has  a  piston  speed  of  about  500  feet  per  minute. 
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The  Oundall  appears  to  be  a  well-constructed  oil  engine  of  the 
usual  type.  The  oil  is  fed  to  the  vaporiser  in  such  small  quantities 
at  a  time  that  the  whole  is  instantly  vaporised  and  burnt,  and 
there  is  said  to  be  no  waste.  The  engine  is  started  by  hand,  with 
the  help  of  a  second  exhaust  cam  on  the  valve  shaft.  Ignition  is 
by  hot  tube,  and  the  centrifugal  governor  regulates  the  supply  of 
oil  in  accordance  with  the  power  required.  The  engine  is  made 
horizontal  only,  from  1^  to  100  B.H.P.,  but  not  many  of  the  larger 
sizes  appear  to  be  yet  in  the  market.  The  portable  engines  run 
from  4  to  20  B.H.P.,  speed  240  to  160  revolutions  per  minute. 

The  Ideal,  made  by  Hardy  &  Pad  more,  is  similar  in  construc- 
tion to  the  Ideal  gas  engine,  with  the  addition  of  a  vaporiser.  It 
is  of  very  simple  construction,  and  no  pumps  for  the  oil  and  air 
are  required.  The  flame  of  a  lamp,  fed  by  a  fan  worked  by  hand, 
is  allowed  at  starting  to  play  upon  a  short  ignition  tube,  and  on 
the  vaporiser.  The  latter  consists  of  horizontal  tubes  at  the  back 
of  the  cylinder,  while  the  charge  is  fired  by  an  open  ignition  tube 
without  a  timing  valve.  The  oil  runs  from  a  reservoir  into  a 
trough,  from  whence  it  is  sucked  up  by  a  patent  wick,  not,  it  is 
said,  as  liquid  oil,  but  as  fine  oil  spray.  All  the  air  required  to 
break  it  up,  and  for  combustion,  enters  together  at  the  side,  and 
the  two  pass  through  a  valve  driven  from  the  side  shaft  into  the 
vaporiser,  and  thence  to  the  cylinder.  The  next  compression 
stroke  forces  the  mixture  into  the  small  tube  at  the  side  of  the 
vaporiser,  where  it  is  fired,  and  the  explosion  drives  out  the  piston. 
The  governor  acts  upon  a  cam,  and  entirely  cuts  off  the  charge  of 
oil  and  air  if  the  normal  speed  is  exceeded.  The  three  cams  for 
the  governor,  the  supply  or  admission  valve,  and  the  exhaust  are 
carried  on  the  valve  shaft.  In  the  latest  engines,  an  air  blast  is 
used  instead  of  a  fan  to  stimulate  the  flame  of  the  lamp.  The 
engine  is  made  in  sizes  of  4  and  5  H.P.,  and  runs  at  350  to  400 
revolutions  per  minute. 

The  Gkurdner  oil  engine  resembles  the  gas  engine  made  by  the 
same  firm.  It  is  a  handy  little  motor,  with  hot- tube  ignition  and 
no  timing  valve ;  sometimes  the  charge  is  fired  electrically.  The 
engine  carries  no  side  shaft.  There  are  two  mushroom  valves  for 
exhaust  and  admission,  both  driven  by  rods  and  levers  from  the 
same  eccentric,  the  wheels  of  which  are  geared  2  to  1  to  the 
crank  shaft.  The  oil  pump  is  worked  from  the  admission  valve- 
rod,  and  sends  the  oil  to  the  vaporiser  above  the  engine,  from 
whence  it  passes  into  the  cylinder  through  the  vapour  or  admission 
valve.  For  a  description  of  the  air  blast  lamp,  see  the  pamgraph 
on  lamps  in  Chapter  xix.  The  engine  is  made  in  sizes  from  ^  to 
16  B.H.P.,  and  runs  at  from  450  to  190  revolutions  per  minute. 
The  consumption  is  about  1  lb.  of  oil  per  B.H.P.  hour. 

The  Buston  is  another  extremely  simple  oil  engine  with  spon- 
taneous or  automatic  ignition,  differing  from  others  only  in  the 
method  of  vaporising  the  oil.     The  latter  is  drawn  by  a  pump  from 
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the  base  of  the  engine,  And  sent  to  a  small  reservoir,  finom  whence 
a  minute  quantity,  carefully  measured,  flows  per  stroke  to    the 
Taporiser,  a  spiral  coil  placed   inside  the    combustion    chamber 
which  forms  an  extension  of  the  motor  cylinder.     Here  the  oil  is 
vaporised  at  atmospheric  pressure,  and  swept  on  into  the  cylinder 
by  a  current  of  air,  which  mixes  with  and  carries  along  the  whole 
of  the  vaporised  oil.     A  small  ignition  tube  fixed  to   the  com- 
bustion chamber,  and  open  to  the  cylinder  without  a  timing  valve, 
is  maintained  by  the  heat  of  the  explosions  at  a  temperature 
sufficient  to  ignite  the  charge  at  the  end  of  the  compression  stroke. 
The  vaporiser,  afber  being  heated  up  at  starting,  is  hot  enough  to 
convert  the  oil  supplied  to  it  into  vapour.      Premature  ignition 
is  said  to  be  prevented  by  the  constant  mechanical  motion  of  the 
flame.     The  vaporiser  and  tube  are  heated  at  starting  by  a  blast 
lamp  fed  with  air  from  a  small  fan  worked  by  hand     The  method 
of  dividing  the  air,  and  not  supplying  the  full  quantity  to  the  oil 
until   after  the  charge   has  passed  the  ignition  tube  in  the  out 
stroke,  does  not  seem  to  find  much  favour  with  English  makers. 
The  Ruston  is  made  in  sizes  from  1^  to  25  B.H.P. 

The  Thistle,  constructed  by  Bow  &  M*Lachlan,  is  another  small 
power  engine,  intended  for  agricultural,  marine,  and  other  industrial 
purposes.  As  in  the  Ruston,  the  vaporiser  and  ignition  tube  are 
neated  by  an  external  automatic  lamp  at  starting.  The  heat  of  the 
explosions  is  then  sufficient  to  keep  both  at  a  sufficiently  high 
temperature  to  work  the  engine.  The  automatic  supply  of  oil  is 
controlled  by  the  governor.  The  engine  is  made  horizontal  in  sizes 
from  1  to  63  B.H.P.,  vertical  from  1  to  12  B.H.P.,  portable  up  to 
25  B.H.P.,  and  for  marine  work  with  two  or  more  cylinders  from 
1  to  32  B.H.P.  The  advantages  of  an  engine  requiring  no  external 
lamp,  when  working  out  of  doors,  are  considerable. 

In  the  Capely  a  small  engine  made  in  sizes  from  1  to  20  B.H.P., 
the  oil  is  drawn  from  a  reservoir,  and  sent  to  the  vaporiser  at  the 
back  of  the  engine  by  a  small  and  simple  pump,  controlled  by  the 
governor.  The  engine  is  said  to  work  well,  and  to  vaporise  the  oil 
completely. 

The  Dudbridge  is  made  in  sizes  up  to  16  B.H.P.,  and  is  of  the 
usual  type,  with  vaporiser  and  ignition  tube,  heated  by  an  automatic 
lamp.  The  vaporiser  is  external  to  the  cylinder,  and  a  small 
quantity  of  heated  air  is  introduced  into  it  with  the  oil,  to  break 
up  and  assist  in  volatilising  the  latter.  The  main  air  supply  is 
drawn  direct  into  the  cylinder,  through  a  valve  driven  by  a  lever 
from  the  crank  shaft,  and  the  same  lever  actuates  the  oil  pump  and 
the  vapour  valve  admitting  the  charge  to  the  cylinder.  If  the 
normal  speed  is  exceeded,  the  governor  acts  on  the  "  hit-and-miss  " 
principle,  by  cutting  off  the  supply  both  of  oil  to  the  vaporiser  and 
of  the  charge  to  the  cylinder.  The  engine  is  made  horizontal  only 
in  sizes  from  2  to  16  B.H.P.  The  consumption  is  said  to  be  about 
0-93  lb.  oil  per  B.H.P.  hour. 
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The  Atlas  oil  engine  is  made  by  Humphries  4c  Co.,  horizontal 
«nd  vertical,  single-acting,  in  sizes  up  to  20  B.H.P.  A  small  coil 
lamp  is  used  at  starting  only  to  heat  up  a  projection  inside  the 
combustion  chamber,  which  serves  for  the  ignition.  As  soon  as 
this  is  sufficiently  hot  to  fire  the  charge,  the  lamp  is  dispensed  with, 
and  the  heat  of  the  explosions  is  then  sufficient  to  maintain  the 
-working  parts  at  a  high  and  even  temperature.  There  is  no  ignition 
tabe  to  this  engine.  The  oil  is  drawn  from  the  base  by  a  pump, 
and  sent  to  the  vaporiser.  The  motor  can  be  easily  adjusted  to  run 
with  different  kinds  of  oil,  and  will  work  with  the  heaviest  Russian 
petroleum.  The  consumption  is  said  to  be  about  1  lb.  of  oil  per 
B.H.P.  hour. 

The  Fetter  is  another  very  simple  engine,  chiefly  intended  for 
agricultural  purposes,  such  as  reaping,  pumping,  &c.  A  small 
lamp  of  very  simple  construction  heats  the  vaporiser  at  starting, 
and  afterwards  the  ignition  tube,  the  makers  being  of  opinion  that 
the  engine  works  more  economically  if  the  tube  is  heated,  although 
the  lamp  may  sometimes  be  removed.  As  in  some  other  small 
power  engines  there  is  no  side  shaft,  and  the  inlet  and  exhaust 
valves  are  operated  by  a  lever  from  the  crank  shaft.  The  engine  is 
made  in  sizes  from  I^  to  8  B.H.P.  The  Drake  is  similar  to  the 
gas  engine  of  the  same  name,  and  works  with  oil  gas  made  in  a  kind 
of  retort,  and  thoroughly  purified  before  it  passes  to  the  cylinder. 
It  belongs  rather  to  the  class  of  engine  driven  by  oil  gas  than  to 
engines  which  vaporise  the  oil  supplied  to  them.  The  lately 
introduced  Brayton  oil  engine  is  made  in  sizes  up  to  15  B.H.F., 
but  has  no  connection  with  the  original  Brayton  oil  and  gas  engine 
already  described. 


CHAPTER  XXI. 
AMERICAN  GAS  AND  OIL  ENGINES. 

Contents.  — ^Westinghouse — Economic — Nash — Sintz — Foos — Hicks — Hartig 
— ^Webster — White  and  Middleton — Raymond — Safety — Van  Duzen — 
Pacific — Union — New  Era — Pierce — Charter  —  Springfield  —  Dayton — 
Victor  Vapor  —  Wolf erine  —  Fairbanks  Morse  —  Ruger  —  Vreeland  — 
Bacchus — Allman — Prouty — Iiambert  — ^American — Star  — Olds — Weber — 
Watkins — Mietz  and  Weiss — Palmer — Grand  Rapids — Warren — Otto— 
LawBon — Racine — Climax — New  York  Motor — Facile — Wing. 

The  gas  and  oil  engines  produced  in  America  are  neither  so  varied 
in  type  nor  so  numerous  as  in  Europe,  and  this  may  be  partly  attri- 
buted to  the  low  price  of  coal  in  the  United  States,  which  renders 
it  unnecessary  to  seek  any  less  costly  motive  power  than  steam. 
Cheap  oil  in  large  quantities  is,  however,  obtained  in  Pennsylvania 
and  other  places,  and  within  the  last  few  years  the  construction  of 
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internal  combastion  motors  has  greatly  increased.  The  folloivin^ 
engines,  representing  the  chief  types  made  in  the  United  States, 
are  mostly  intended  to  be  driven  either  with  gas  or  benzine  (light 
petroleum),  "  gasoline, **  as  it  is  called.  Ordinary  heavy  petroleum 
is  not  much  used  in  America  to  generate  power  in  an  engine,  the 
lighter  oils  being  preferred,  as  easier  to  handle,  cheap,  and  abundant 
WestinghouBe. — The  engine  made  by  the  Westinghouse  Machine 
Oo.,  of  Pittsburg,  is  probably  the  most  important,  and  certainly  one 
of  the  most  suooessful  in  America,  owing  to  its  excellence  of  design 


Fig.  126. — Sectional  View,  Westinghouse  Engine.     1899. 


and  careful  construction.  As  it  is  intended,  among  other  purposes, 
to  be  used  for  driving  dynamos,  much  attention  has  been  paid  to 
the  governing  gear ;  the  "  hit-and-miss "  principle  has  been  dis- 
carded, and  an  impulse  is  given  at  every  motor  stroke.     It  has  been 
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worked  with  natural  gas,  of  1000  B.T.U.  per  cubic  foot  heating 
value.  With  this  rich  gas  the  heat  efficiency  is  said  to  be  from  21 
per  cent,  to  25  per  cent,  in  engines  of  less  than  50  H.P.,  and  a  con- 
sumption of  about  10^  to  12  cubic  feet  of  gas  per  B.H.P.  hour. 
The  engine  is,  however,  especially  intended  for  large  powers,  and  it 
is  pi^oposed  in  the  future  to  construct  motors  of  1500  H.P.  and 
upwards,  with  several  cylinders.  Two  engines,  each  of  1500  H.P., 
with  three  cylinders  2  feet  10  inches  in  diameter  by  5  feet  stroke, 
are  now  being  made  by  the  Westinghouse  Co.  at  Pittsburg.  An 
engine  with  three  cylinders,  to  run  at  100  revolutions  per  minute, 
is  also  being  designed  at  the  Company's  works. 

Fig.  126  gives  a  sectional  elevation  of  a  Westinghouse  engine. 
The  crank  and  connecting-rod  are  in  an  enclosed  chamber,  and  the 
latter  is  coupled  direct  to  the  plunger  piston.  A  is  the  auxiliary 
shaft  geared  2  to  1  to  the  main  shaft,  and  carrying  a  cam 
which  acts  upon  a  roller  just  below  the  exhaust  valve-rod  £.  This 
shaft  is  horizontal,  and  where  there  are  two  or  more  vertical 
cylinders  placed  side  by  side  (the  arrangement  usually  adopted) 
it  carries  a  series  of  cams  actuating  successively  the  exhaust  valve- 
rods  of  each  cylinder.  O  is  the  exhaust  passage,  G  is  a  guide 
lever,  B  is  the  cam  shaft  driven  from  the  shaft  A  by  bevel  wheels, 
and  carrying  two  smaller  shafts,  horizontal  and  vertical;  on  the 
latter  is  the  ball  governor.  Air  and  gas  enter  at  the  side,  and  pass 
to  the  mixing  chamber  M.  The  two  handles  seen  at  L  regulate  the 
supply ;  the  upper  acts  on  the  admission  of  gas,  the  lower  controls 
the  air  valve.  The  mixture  passes  through  N  to  the  admission 
valve  J,  which  is  worked  by  the  horizontal  lever  C  and  a  cam  on 
the  shaft  B.  As  the  cam  raises  one  end  of  this  lever,  the  other  is 
depressed,  J  descends,  and  the  charge  enters  the  cylinder.  The 
sensitive  governor  acts  by  varying  the  quantity  of  the  charge 
admitted  through  J  according  to  the  load,  and  hence  the  force  of 
the  explosions ;  the  quality  does  not  vary,  there  are  no  miss  fires, 
and  great  regularity  in  running  is  said  to  be  obtained.  The  shaft 
B  carries  a  second  cam  actuating  a  horizontal  rod  through  the  guide 
D,  which  breaks  the  electric  current  at  the  wire  S.  The  igniter  F 
has  two  sets  of  terminals  enclosed  ii:\  one  box.  Either  or  both  can 
be  used,  and  thus  the  danger  of  a  miss  fire  or  a  break  is  avoided. 
In  the  larger  engines  both  igniter r  are  generally  used  together. 
They  are  started  by  means  of  a  reservoir  of  compressed  air  charged 
by  the  motor  when  running. 

Fig.  127  gives  a  view  of  a  650  H.P.  three-cylinder  vertical  engine, 
of  the  same  construction  as  that  here  described.  The  dynamo  is  on 
the  crank  shaft.  Each  cylinder  is  25  inches  diameter  by  30-inch 
stroke,  and  the  normal  speed  is  150  revolutions  per  minute.  The 
same  auxiliary  and  cam  shafts  serve  the  three  cylinders.  This 
engine  has  been  working  successfully  for  a  year  and  a-half  (1900). 
Where  two  cylinders  are  used  a  motor  impulse  is  obtained  at 
every  revolution,  and  with  three  cylinders  at  every  two-thirds  of 
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a  revolution.  Many  engines  are  in  course  of  construction,  or  have 
been  already  erected  in  America,  of  650,  280,  225,  150,  and  65 
U.P.  Hundreds  are  said  to  be  at  work,  driven  with  natural  or 
artificial  gas.      Among  them  is  a  large  plant  at  Bradford,  Penn- 
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1^  B 
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sylvania,  comprising  one  200  H.P.  and  three  125  H.P.  engines 
using  natural  gas,  the  consumption  being  13  cubic  feet  per  H.P. 
hour.  Formerly  the  same  gas  was  burnt  under  boilers  to  generate 
steam,  and  the  consumption  for  the  same  power  was  52  cubic 
feet  per  H.P.  hour.     In  an  electric  station  in  Ohio  there  are  a 
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O50  H.P.  enginO)  running  at  150  revolutions,  and  a  280  H.P. 
-w^ith  a  speed  of  280  revolutions  per  minute,  both  driven  with 
natural  gas  and  generating  electricity.  Another  station  in 
.Alleghany  has  two  125  Westinghouse  gas  engines,  supplying 
power  for  three  large  cranes  and  other  purposes.  In  New  York 
State  there  are  two  60  H.P.  and  two  90  H.P.  engines,  all  worked 
-with  natural  gas,  and  driving  mills  and  dynamos,  while  in  Kansas 
twelve  gas  engines,  with  an  aggregate  of  3000  H.P.,  are  about  to 
\>e  constructed.  When  worked  with  power  gas  these  engines  are 
said  to  give  I  B.H.*P.  per  hour  per  lb.  of  coal  burnt  in  the  producer. 
The  Eoonomio  non-compressing  two-cycle  gas  engine,  introduced 
into  Europe  from  America  in  1883,  a  description  of  which  will  be 
found  in  the  second  edition  of  this  work,  is  still  said  to  be  used  in 
tbe  United  States.  This  is  almost  the  only  instance  known  to  the 
author  of  a  gas  engine  of  the  early  type,  without  compression, 
being  still  at  work.     It  is,  of  course,  very  uneconomical. 

Nash. — As  originally  designed,  and  still  made  for  smaller 
powers  by  the  National  Meter  Co.,  New  York,  this  is  a  vertical 
two-cycle  engine.  The  crank  is  enclosed,  to  form  a  chamber  for 
compressed  air,  and  the  motor  resembles  the  Day*^  in  some  respects, 
though  not  so  simple,  and  has  an  explosion  every  revolution.  The 
charge  is  drawn  in  by  the  up  stroke  of  the  piston,  compressed  into 
the  crank  chamber,  and  passed  up  through  a  supply  pipe  controlled 
by  the  governor,  and  a  passage  in  the  side  of  the  cylinder  to  the 
top,  where  combustion  takes  place.  Ignition  is  by  a  flame  in  a 
revolving  piston  valve,  which  communicates  with  the  cylinder 
through  a  diagonal  passage,  and  is  worked  by  an  eccentric  and  rod 
from  the  crank  shaft.  The  admission  valve  is  driven  by  a  cam  on 
the  main  shaft,  and  the  exhaust  ports  are  uncovered  by  the  piston 
at  the  end  of  the  out  stroke.  For  larger  sizes  this  early  type  has 
now  been  superseded  by  the  usual  four-cycle,  with  a  side  shaft 
driven  from  the  main  shaft,  and  acting  on  the  admission  and 
exhaust  valves  through  cams  and  rods.  The  admission  valve-rod 
has  an  arm  worked  by  the  governor,  which  regulates  the  supply  of 
gas  according  to  the  power  required.  The  Nash  engines  are  made 
vertical  from  ^  to  10  H.P.,  and  with  two  or  four  cylinders  from  10 
to  200  H.P.  ;  for  large  powers  they  are  much  used  for  electric 
lighting  and  pumping.  A  small  horizontal  pumping  engine  of  the 
two-cycle  type,  with  piston  ignition  valve,  and  admission  and  ex- 
haust worked  by  eccentrics  on  the  crank  shaft,  is  also  constructed. 
Either  gas  or  gasoline  may  be  used  as  the  motive  power. 

Sintz. — This  vertical  engine  is  made  in  sizes  from  1  to  15  H.P. 
by  the  Sintz  Gas  Engine  Co.,  of  Michigan.  Like  the  Nash  it 
is  a  two-cycle  motor,  and  closely  resembles  the  Day ;  when  driven 
by  oil  a  small  pump  is  added,  worked  from  the  engine.  There  are 
practically  no  valves.  In  the  down  stroke  of  the  motor  piston 
the  exhaust  port  on  one  side  of  the  cylinder  is  first  uncovered,  and 
*  Described  in  the  first  edition  of  this  work,  p.  135. 
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then  an  inlet  ralve,  through  which  air  at  slight  pressure  is  forced 
from  the  base  of  the  engine.  At  the  same  time  the  gas  valve 
driven  by  an  eccentric  on  the  crank  shaft  opens,  and  a  charge  of 
gas  is  sent  into  the  compressed  air,  or  if  oil  is  used,  the  pump 
injects  a  small  quantity  of  finely  sprayed  gasoline.  The  oil,  or  gas 
and  air,  strike  against  a  deflector  inside  the  cylinder,  are  forced 
upwards,  and  further  compressed  by  the  next  up  stroke.  The 
charge  is  fired  electrically  at  the  dead  point,  contact  being  made 
by  a  connect ins(-rod  worked  by  a  cam  on  the  crank  shaft.  The 
centrifugal  governor  acta  upon  the  stroke  of  the  pump,  and 
diminishes  the  quantity  of  gasoline  in  inverse  ratio  to  the  speed. 
A  boat  driven  by  a  Duplex  Sintz  engine,  with  two  vertical  cylinders, 
was  shown  at  Chicago  in  1893.  Motion  was  imparted  by  con- 
necting the  engine  to  the  screw  by  a  shaft  and  friction  coupling, 
and  a  single  handle  served  to  regulate  the  quantity  of  oil  passing 
to  the  cylinder,  and  the  action  of  the  screw  in  the  water.  The 
cooling  water  was  sent  to  the  cylinder  jacket  by  a  small  pump 
driven  from  the  engine,  which  was  also  used  to  pump  out  the  bilge 
water.  A  good  many  small  marine  engines  of  this  type  are  made 
for  lake  and  river  work. 

FooB. — A  four-cycle  engine,  working  with  either  gas  or  light 
petroleum  oil  (gasoline),  is  made  by  the  Foos  Gas  Engine  Company, 
Springfield,  Ohio,  both  horizontal  and  vertical,  in  sizes  from  2^  to 
100  B.H.P.  The  motor  is  fired  electrically,  the  connection  and 
separation  of  the  electrodes  being  effected  from  the  main  shaft 
through  wheels.  The  light  oil  used  requires  little  vaporising.  It 
is  contained  in  a  tank  at  the  side  of  the  engine,  and  air,  previously 
heated  by  passing  round  the  exhaust  valve,  is  drawn  by  the  suction 
stroke  of  the  piston  through  the  petroleum  vapour,  which  it  absorbs 
in  its  passage  to  the  admission  chamber.  The  exhaust  is  worked 
by  a  connecting-rod  passing  through  the  base  of  the  engine,  and  a 
cam  on  the  valve  shaft.  The  ball  governor  acts  on  the  "  hit-and- 
miss  "  principle,  and  cuts  off  the  supply  of  gas  or  oil  if  the  normal 
speed  is  exceeded. 

Hioks. — A  noticeable  feature  of  the  twin-cylinder  Hicks  gas 
engine  made  by  the  Detroit  Gas  Engine  Company,  is  that  it  has 
always  two  cylinders  placed  horizontally  tandem,  one  before  the 
other,  and  supported  on  the  same  frame.  An  explosion  in  one  or 
the  other  is  obtained  at  every  revolution.  There  is  one  long  piston- 
rod,  extending  through  both  cylinders,  and  working  through  a 
sleeve  or  stuffing-box ;  the  latter  has  a  water  jacket,  to  counteract 
the  heat  in  what  is  really  a  double-acting  engine.  All  the  valves 
are  worked  from  one  cam  shaft  running  the  length  of  the  two 
cylinders.  The  two  exhaust  valves  are  driven  by  alternating  cams, 
and  their  chambers  are  also  cooled  by  water.  Two  other  cams  on 
the  same  shaft  work  the  gasoline  pump,  and  fire  the  charge  electri- 
cally. The  governor  varies  the  lift  of  the  vertical  gas  valve,  or  the 
throw  of  the  oil  pump.     The  engine  is  made  in  sizes  from  3  to  55 
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B.H.P.  The  regularity  of  action  obtained  with  the  tandem 
arrangement  make  it  especially  suitable  for  electric  lighting,  and 
for  work  with  [)Ower  or  natural  gas,  and  power  plants  are  proposed 
Tip  to  300  H.  P. 

The  Hartig  is  a  small  vertical  engine  made  by  the  firm  of  the 
same  name  at  Brooklyn,  in  sizes  from  i^  to  8  B.H.P.  It  can  be 
worked  with  gas  or  with  gasoline  drawn  from  a  carburator,  where 
it  is  mixed  with  a  small  quantity  of  air.  More  air  to  form  an 
explosive  charge  is  added  as  it  reaches  the  cylinder.  The  valves 
are  driven  from  a  side  shaft  in  the  usual  way,  the  governor  acts 
on  the  gas  valve,  and  diminishes  the  supply  according  to  the  power 
required.  When  worked  with  gas  the  air  and  gas  are  drawn  in 
through  the  same  valve,  the  gas  being  first  admitted  through  a 
small  perforated  disc,  and  the  air  above  it,  through  a  larger  opening. 
The  consumption  of  the  engine  is  said  to  be  from  18  to  20  cubic 
feet  of  town  gas  per  H.P.  hour. 

The  Webster  Manufacturing  Company,  of  Chicago,  make 
engines  both  horizontal  and  vertical,  driven  either  by  gas  or 
gasoline.  They  are  of  the  usual  four-cycle  type,  with  admission 
and  exhaust  valves  on  either  side  of  the  cylinder,  driven  from  a 
valve  shaft  running  at  half  the  speed  of  the  crank  shaft.  The 
same  shaft  also  actuates  a  small  pump,  which  forces  the  gasoline 
from  a  receiver  in  the  base  of  the  engine,  and  sends  it  in  minute 
quantities  to  a  cylindrical  chamber  at  the  side.  The  air  is  drawn 
from  the  bed  of  the  engine  through  the  vaporiser  by  the  suction  of 
the  piston,  and  passes  charged  with  oil  vapour  to  the  cylinder, 
where  the  mixture  is  compressed,  and  fired  by  a  tube  heated  by 
a  Bunsen  burner,  fed  with  gasoline  from  a  separate  small  tank. 
The  centrifugal  governor  on  the  crank  shaft  throws  the  exhaust 
valve  and  oil  pump  out  of  gear  if  the  normal  speed  is  exceeded. 
Over  1000  of  these  engines  are  said  to  be  at  work  in  the  United 
States.  They  are  made  vertical  2^  and  4  B.H.P.,  and  horizontal 
from  4  to  28  B.H.P. 

White  &  Middleton. — An  engine  of  the  ordinary  four-cycle 
type,  for  gas  or  gasoline,  is  made  by  the  White  &  Middleton 
Company,  Baltimore,  in  sizes  from  4  to  50  B.H.P.  In  this  motor 
the  valve  shaft  is  replaced  by  spur-gearing.  Ignition  is  by  a  tube 
with  a  timing  valve,  the  spindle  of  which  is  worked  from  the  motor 
piston.  Ports  are  also  uncovered  by  the  piston,  through  which 
part  of  the  exhaust  products  escape ;  the  remainder  are  discharged 
at  the  end  of  the  stroke  through  a  valve  worked  by  a  rod  and  levers 
from  the  crank  shafts  through  a  slide  and  cam.  The  same  rod 
actuates  the  spindle  of  the  gas  valve.  Both  exhaust  and  admission 
are  thrown  out  of  gear  by  the  governor  if  the  normal  speed  is 
exceeded.  If  the  engine  is  driven  with  gasoline  a  small  oil  pump 
is  substituted  for  the  gas  valve-rod,  and  is  controlled  on  the  **  hit- 
and-miss  "  principle  by  the  governor. 

Baymond. — The  vertical  four-cycle  Eaymond  gas  engine  is  made 
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by  the  Case  Threshing  Machine  Company,  Wisconsin,  with  one 
cylinder,  in  sizes  from  1  to  20  H.P.;  two  cylinders,  4  to  50  H.P.; 
four  cylinders,  60,  85,  and  100  H.P.  All  the  parts  are  enclosed  in 
a  cast-iron  frame.  The  crank  shaft  is  in  the  base,  which  also 
contains  a  reservoir  of  oil,  into  which  the  crank  dips  at  each 
revolution.  The  rotary  valves  at  the  top  of  the  cylinders  are  held 
on  their  seats  by  springs,  and  worked  by  spur  gear  from  the  crank 
shaft.  The  automatic  ball  governor  on  the  flywheel  regulates  the 
quantity  of  the  charge,  but  does  not  affect  the  proportions  of  gas 
and  air,  and  the  engine  is  said  to  work  so  well  that  there  is  scarcely 
2  per  cent,  difference  in  speed  when  the  load  is  thrown  on  and  off. 
An  impulse  every  revolution  is  obtained  in  the  two  cylinder  type; 
with  four  cylinders  there  is  one  impulse  per  stroke.  The  oil  is 
drawn  from  a  tank  by  a  pump,  and  sent  to  a  small  glass  reservoir 
above  the  vaporiser  through  a  needle  valve,  controlled  by  the 
governor.  Any  surplus  oil  is  returned  to  the  tank.  The  air  to 
the  vaporiser  is  heated  by  the  exhaust  gases.  The  charge  is  fired 
by  electricity,  and  the  dynamos  are  worked  direct  by  a  strap  from 
the  flywheel.  The  engines  are  fitted  with  a  patent  starting  device, 
and  all  sizes  can  be  started  with  ease.  A  large  number  are  made 
in  the  United  States. 

Safety.— The  Safety  Vapor,  made  by  the  Company  of  that 
name  in  New  York,  is  a  small  vertical  gas  engine  of  the  usual 
four-cycle  type,  which  can  also  be  driven  with  benzine.  It  has 
one  noticeable  feature.  The'  valve  for  admitting  the  charge  to 
the  cylinder  and  expelling  the  burnt  products  is  of  the  circular 
rotary  type,  worked  by  a  chain  revolving  on  a  pulley  of  twice  the 
diameter  of  a  smaller  pulley  on  the  crank  shaft,  from  which  it  is 
driven.  Although  hitherto  made  only  in  sizes  from  ^  to  6  H.P., 
the  engine  is  intended  for  marine  use,  and  has  frictional  driving 
gear  for  connection  to  the  propeller  shaft. 

Van  Dozen. — A  more  important  motor,  made  in  several  types, 
stationary  and  portable,  for  both  gas  and  petroleum,  is  built  by  the 
Van  Duzen  Gas  and  Gasoline  Engine  Co.,  of  Cincinnati.  The 
engine  is  horizontal,  of  the  four-cycle  type ;  the  admission,  ignition, 
and  exhaust  valves  are  worked  by  rods  and  cams  on  an  auxiliary 
shaft  below  the  crank  shaft,  and  revolving  at  half  the  speed.  This 
engine  is  fitted  with  a  carbui*ator,  though  no  heat  is  used  to 
vaporise  the  oil.  Light  petroleum  spirit  is  contained  in  a  chamber 
at  the  side  of  the  engina  Air  is  drawn  upwards  into  a  vertical 
tube  below  this  chamber,  and  lifts  a  valve,  causing  the  oil  to  flow 
down  and  mingle  with  it,  as  it  forces  its  way  through  another  lift 
valve,  and  down  the  sides  of  the  vertical  carburator.  The 
petroleum  is  vaporised  by  the  force  of  the  air  current,  as 
it  drops  through  gauze  rings.  At  the  end  of  the  admission 
stroke  the  flow  of  air  ceases,  the  valves  fall  back  on  their 
seats,  and  the  supply  of  oil  cut  off.  Hot-tube  ignition  is  used, 
and  above  the   chimney  protecting  the   tube  is  a  ball,  which  is 
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said  to  act  as  a  cushion,  and  disperse  the  waste  products  in  the 
ignition  tube.  This  engine  is  especially  adapted  for  portable  motors. 
Paoiflo. — ^An  engine  using  the  ordinary  four-cycle,  with  electric 
ignition,  and  in  which  the  motive  power  is  derived  from  either  gas 
or  gasoline,  is  the  Pacific,  made  by  the  Union  Gas  Engine  Co.,  of 
San  Francisco,  and  the  Globe  Gas  Engine  Oo.,  of  Philadelphia. 
It  is  especially  adapted  for  marine  use,  fitted  with  reversing  gear, 
and  has  a  clutch  lever  for  starting  and  stopping  the  propeller 
shaft.  Water  for  the  cooling  jacket  is  drawn  from  and  returned  to 
the  water  round  the  boat  The  engine  itself  is  never  reversed,  but 
only  the  direction  of  motion  of  the  propeller  fiind  secondary  engine 
shafts.  The  exhaust  valve  is  raised  once  in  every  two  revolutions 
by  a  double-grooved  cam  on  the  crank  shaft,  into  which  a  projec- 
tion fits,  after  the  same  manner  as  in  the  Daimler  engine.  The 
governor  acts  on  the  exhaust  valve,  and  holds  it  open  if  the 
normal  speed  be  exceeded.  The  vaporisation  of  the  oil  is  effected 
as  in  the  Van  Duzen  engine.  Air,  previously  heated  by  the 
exhaust  gases,  is  drawn  upwards  by  the  suction  stroke  of  the 
motor  piston  into  the  vaporiser,  a  glass  or  metal  chamber,  above 
which  is  a  tank  containing  light  petroleum  or  gasoline.  The 
current  of  air  lifts  a  valve,  and  a  small  quantity  of  gasoline  flows 
into  the  vaporiser,  where  it  is  said  to  be  instantly  turned  into  oil 
vapour  by  the  hot  air.  The  engine  is  vertical,  and  is  made  with 
two  cylinders  for  larger  powers. 

Union. — In  the  Union  horizontal  engine,  built  by  the  same 
Company,  the  charge  is  also  fired  electrically,  contact  being  made 
and  interrupted  between  two  electric  wires  by  projections  carried 
on  the  ignition  and  exhaust  valve-rods.  The  usual  four-cycle  is 
employed,  and  the  valves  are  acted  upon  by  cams  from  an  auxili- 
ary shaft.  A  weight  governor  is  carried  on  the  crank  shaft,  and 
if  the  speed  is  too  great,  the  exhaust  valve  is  held  open,  and  at 
the  same  time  the  admission  valve  closed  by  a  small  beam.  Only 
stationary  engines  of  this  type  have  hitherto  been  made. 

The  New  Era,  so  called,  is  a  four-cycle  engine  of  the  usual  type, 
with  valve  shaft  worked  from  the  crank  shaft  by  worm  gear  2 
to  1.  The  ball  governor  is  driven  from  the  same  shaft.  The 
engine  may  be  worked  with  lighting,  natural,  or  power  gas,  or 
gasoline.  With  the  latter  a  small  pump  is  used,  which  draws  a 
few  drops  of  oil  at  a  time  from  a  tank,  and  forces  them  into  the 
mixing  chamber,  where  they  impregnate  the  incoming  air.  The 
engine  is  made  in  sizes  from  10  to  50  B.H.P. 

The  Pierce  is  another  engine  made  to  work  with  either  gas  or 
gasoline,  of  the  ordinary  four-cycle  type,  and  built  in  sizes  from 
1  to  20  B.H.P.  The  side  shaft  drives  the  valves  through  a  cam 
and  connecting-rod.  The  governor,  on  the  "hit-and-miss"  prin- 
ciple, consists  of  a  weighted  steel  finger  like  an  inverted  pendulum, 
which  acts  on  the  gas  valve,  and  cuts  off  the  supply  if  the  normal 
speed  is  exceeded.      Electric  ignition  is  used,  and  the  electi'odes 
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which  produce  the  spark  are  arranged  to  rub  against  each  oth^ 
at  every  stroke,  and  are  thus  kept  clean.  Gasoline  is  supplied  bj 
a  pump  from  an  underground  tank  to  a  cup,  from  whence  it 
passes  to  the  air  inlet  valve,  and  any  excess  of  oil  is  run  back 
to  the  tank. 

The  Charter  is  one  of  the  earlier  four-cycle  gas  engines,  and 
claims  to  be  the  first  to  obtain  power  from  gasoline.  It  is  a  well-con- 
structed motor,  made  both  horizontal  and  vertical  in  sizes  from  l^ 
to  35  B.H.P.,  and  runs  at  350  to  160  revolutions  per  minute. 
When  worked  with  gasoline  the  oil  is  drawn  from  a  tank  in  the 
basement,  and  injected  into  the  mixing  chamber  above  the  cylinder, 
where  it  is  mixed  with  air  drawn  in  through  a  nozzle.  The  pump 
is  worked  by  a  cam,  rod,  and  lever  from  the  valve  shaft.  If  the 
tank  is  above  the  engine,  so  that  the  oil  flows  to  the  latter  by 
gravity,  the  action  of  the  pump  is  reversed,  and  the  plunger  simply 
uncovers  the  supply  port  during  a  given  fraction  of  the  stroke, 
the  oil  passing  automatically  to  the  mixing  chamber.  The  ball 
governor  operates  on  the  "  hit-and-miss  "  principle,  on  the  roller 
working  the  pump,  and  throws  it  off  the  cam  if  the  speed  is  too 
great.  If  the  engine  is  driven  with  gas  the  plunger  pump  acts  by 
uncovering  the  port.  The  exhaust  is  worked  from  the  valve  shaft 
in  the  usual  way.  Large  size  engines  are  fitted  with  a  self  starter. 
Ignition  is  either  by  electricity  or  a  tube  heated  by  a  jet  of  gas  or 
gasoline.  The  engine  is  also  made  portable,  to  drive  a  pump  for 
filling  railway  tanks,  &c.,  and  is  used  for  all  kinds  of  agricultural 
])urposes. 

The  Springfield  engine  which  can  be  driven  with  any  kind  of 
gas — lighting,  power,  or  natural --and  also  with  gasoline,  difTers 
slightly  from  the  usual  type.  The  admission  and  exhaust  valves 
are  worked  by  cams  from  a  horizontal  shaft  running  across  the  top 
of  the  cylinder,  and  connected  to  a  second  longitudinal  shaft  driven 
from  the  crank  shaft  in  the  ordinary  way.  The  governor  is  also 
worked  from  the  crank  shaft,  and  regulates  the  supply  of  gas  and 
air  according  to  the  power  required.  If  the  engine  is  run  with 
gasoline,  a  small  supply  pump  worked  by  a  cam  on  the  longitudinal 
shaft  draws  the  oil  from  a  tank,  and  sends  it  on  to  the  plunger 
pump,  which  regulates  the  quantity  passing  to  the  cylinder.  If 
the  oil  flows  by  gravity  from  an  upper  reservoir,  no  supply  pump  is 
needed.  The  charge  is  fired  electrically.  The  engine  is  made 
horizontal  in  sizes  from  1  to  40  B.H.P. 

The  Dayton  gas  or  gasoline  engine,  made  in  sizes  from  2  to  50 
H.P.,  is  of  the  ordinary  four-cycle  type,  with  electric  ignition. 
The  exhaust  and  admission  valves  are  worked  by  cams  from  a 
valve  shaft  in  the  usual  way,  and  the  same  shaft  also  carries  cams 
driving  the  ignition  rod  for  producing  the  spark,  and  the  gas  or 
oil  valve.  The  centrifugal  governor  acts  on  the  latter  on  the  ''  hit- 
and-miss'*  principle. 

The  Victor  Vapor  engine  made  by  Kane  &  Co.,  Chicago^  is  a 
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development  of  the  Kane,  by  the  same  firm.  It  is  a  four-cycle 
motor  with  valves  positively  worked  from  cams  on  a  side  shaft. 
The  exhaust  of  the  usual  type  is  held  open  by  the  centrifugal 
governor,  to  regulate  the  speed.  When  worked  with  gasoline  the 
oil  is  pumped  from  a  tank  below  into  a  receiver,  from  whence  a 
given  quantity  is  sent  to  the  vaporiser,  and  the  overflow  returned 
-to  the  tank.  The  exhaust  pipe  is  enclosed  in  a  jacket  through 
^which  air,  thus  heated,  is  drawn  to  the  vaporiser,  mixes,  and 
becomes  saturated  with  the  oil.  The  two  are  sucked  into  the 
cylinder  through  an  automatic  admission  valve,  together  with  a 
further  supply  of  air.  Ignition  is  by  electricity,  and  a  double 
spark  is  produced,  one  before  compression,  and  the  second  to  fire 
the  compressed  charge.  This  peculiar  arrangement  is  said  to  give 
&  higher  heat  efficiency.  The  engine  is  made  horizontal  in  sizes 
from  2^  to  10  B.H.P.,  and  runs  at  250  to  225  revolutions  per 
minute.  It  is  very  simple,  and  only  two  valves,  the  exhaust  and 
the  oil  pump,  together  with  the  mechanism  for  producing  the 
sparks,  are  driven  from  the  auxiliary  shaft.  Hot-tube  ignition  can 
be  used,  if  desired,  but  the  makers  consider  electricity  preferable. 

The  Wolferine  is  a  small  vertical  engine  made  both  four-  and 
two-cycle,  and  using  gasoline  of  0*63  to  0*76  specific  gravity.  In 
the  four-cycle  type  the  exhaust  is  driven  from  a  cam  on  the  valve 
shaft,  and  the  oil  pump  from  an  eccentric  on  the  same  shaft.  The 
charge  is  admitted  to  the  cylinder  through  an  automatic  valve. 
The  engine  is  made  single  cylinder  from  1  to  6  H.P.,  and  with  two 
cylinders  up  to  12  H.P.  The  two-cycle  engine  is  somewhat  similar 
to  the  Sintz.  The  up  stroke  of  the  piston  draws  a  charge  of  gas  or 
gasoline  and  air  into  the  enclosed  base  of  the  engine,  and,  at  the 
same  time,  compresses  the  mixture  already  delivered  to  the  top  of 
the  cylinder.  At  the  upper  dead  point  the  charge  is  fired  electri- 
cally, and  the  explosion  drives  down  the  piston.  In  its  descent  the 
exhaust  port  is  first  opened,  and  the  burnt  products  discharged. 
The  same  stroke  serves  to  compress  the  fresh  charge  below  the 
cylinder  through  a  passage  at  the  side,  from  whence  it  passes 
through  an  open  port  in  the  cylinder  head  to  the  upper  part,  and 
the  cycle  recommences.  As  the  port  in  the  cylinder  head  is  opened 
almost  immediately  after  the  exhaust,  the  incoming  charge  helps 
to  drive  out  the  exhaust  gases.  This  two-cycle  type  is  made  for 
marine  engines  with  one  cylinder,  up  to  6  H.P.,  and  for  larger 
powers  with  two  cylinders.  Marine  engines  are  fitted  with 
reversing  gear,  which  does  not  seem  to  present  as  much  difficulty 
in  America  as  in  Europe,  and  the  water  circulating  pump  is  driven 
by  an  eccentric  from  the  crank  shaft.  The  pistons  of  the  two 
motor  cylinders  work  alternately,  the  cranks  being  set  at  an  angle 
of  ISO*".  The  gasoline  is  injected  through  a  needle  valve  into  the 
chamber  enclosing  the  crank  shaft. 

The  Fairbanks-Morse  engine  for  gas  or  gasoline  is  based  on 
the  Galdwell.     It  is  of  the  usual  Otto  cycle  type,  and  is  made 
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horizonUl  from  3  to  70  B.H.P.,  and  vertical  2  B.H.P.  The  motor 
haa  no  side  shaft.  The  exhaust  valve  ia  driven  by  a  cam  and  roller 
from  an  eccentric  on  the  crank  shaft,  and  an  arm  from  the  valve 
rod  works  the  gas  valve.  The  governor  on  the  flywheel  acts  upon 
the  exhaust  roller,  and  throws  it  off  the  cam  if  the  speed  is  too 
great.  Air  enters  from  the  base  of  the  engine,  and  passes  with  the 
gas  to  a  mixing  chamber,  and  thence  through  an  automatic  valve 
to  the  cylinder.  The  charge  is  fired  by  electricity  or  hot  tube  ; 
in  the  former  case  the  spnrk  is  produced  by  the  exhaust  valve- 
rod.  The  engine  is  started  from  a  reservoir  of  compressed  air  filled 
by  hand.  When  driven  with  gasoline  a  supply  is  drawn  from  a 
tank  in  the  base,  and  sent  to  a  small  reservoir.  From  hence  a 
quantity  controlled  by  a  small  check  valve  is  forced  through  a 
nozzle  into  the  air  pipe  by  the  current  of  air  induced  by  the  suction 
stroke  of  the  piston,  and  the  air  and  oil  vapour  pass  in  carefully 
regulated  proportions  to  the  mixing  chamber. 

The  Buger  engine  is  made  vertical,  in  sizes  from  1  to  8  RH.P., 
and  horizontal  from  10  to  50  B.H.P.  It  is  of  the  ordinary  four- 
cycle type,  with  a  side  shaft,  and  the  governor  acts  by  holding  open 
the  exhaust.  The  gasoline  pump  is  also  worked  from  the  cam 
shaft.  Ignition  is  by  hot  tube  or  electricity.  In  America  the 
system  of  firing  the  charge  in  oil  engines  by  spontaneous  ignition 
appears  to  be  seldom  adopted. 

The  English  Griffin  gas  engine  is  made  in  the  United  States  by 
the  American  Gas  Engine  and  the  Western  Gas  Construction 
Companies. 

The  Vreeland  is  a  small  four-cycle  engine  for  gas  only,  with  a 
side  shaft  driving  the  exhaust  and  gas  supply  valves  through  cams. 
Communicating  with  the  main  exhaust  is  a  supplemental  exhaust 
valve,  the  object  of  which  is  to  cleanse  the  cylinder  more  thoroughly 
of  the  burnt  products  during  the  return  stroke.  It  is  worked  from 
the  side  shaft  by  a  lever  and  cam.  The  governor  acts  on  the  gas 
valve,  and  wholly  cuts  off  the  supply  if  the  normal  speed  is 
exceeded.     The  engine  is  made  in  sizes  up  to  20  B.H.P. 

The  Backus  gas  engine  is  made  horizontal  in  sizes  from  5  to  GO 
B.H.P.,  and  also  vertical  for  small  powers.  Like  the  Vreeland  it 
has  an  auxiliary  exhaust  valve  in  the  cylinder  head,  connected  by  a 
passage  to  the  main  exhaust  ports,  which  are  opened  by  the  piston 
at  the  end  of  the  out  stroke.  The  valves  are  driven  from  a  side 
shaft  geared  to  the  crank  shaft  in  the  usual  proportions,  and  which 
also  drives  the  governor.  The  valve-rod  for  the  subsidiary  exhaust 
is  worked  by  an  eccentric  from  this  shaft,  and  connected  to  the 
pendulum  governor,  which  acts  upon  it  if  the  normal  speed  is 
exceeded  In  the  vertical  engine  this  eccentric  is  driven  direct  by 
a  cam  on  the  side  shaft,  while  the  governor  acts  on  the  gas  supply. 
Gas  and  air  enter  the  cylinder  through  the  same  valve,  and  pass 
from  thence  into  a  passage  at  the  lower  end,  serving  also  for  the 
discharge.      In  both  types  the  bottom  of  the  piston  and  of  the 
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cylinder  are  hollow,  in  order  to  obtain  the  maximum  volume  of 
the  combustion  chamber  with  the  minimum  aurfaoe  of  the  walls. 

The  Allman  gas  and  gasoline  engine  is  built  horizontal  from  2 
to  15  RH.P.,  vertical  from  2  to  4  B.H.P.  The  momentum  governor, 
in  the  horizontal  type,  is  on  the  flywheel,  and  acts  on  the  gas  valve 
through  two  yoke  levers  and  a  sliding  sleeve.  The  supply  of  gas 
is  either  diminished,  and  the  richness  of  the  charge  reduced,  or 
wholly  cut  off,  if  the  usual  speed  is  greatly  exceeded.  In  the 
smallest  sizes  the  governor  works  the  exhaust  valve,  and  closes  it 
wholly  or  partially,  according  to  the  power  required. 

The  Prouty  is  a  compact  little  four-cycle  vertical  engine, 
intended  especially  for  road  carriages,  and  to  work  in  the  open 
air.  Ignition  is  by  electricity,  and  is  carefully  timed  to  reduce  the 
shock  of  the  sudden  explosion.  The  water  tank  is  above  the 
cylinder,  and  is  cooled  by  evaporation.  The  gasoline  pump  is 
diriven  by  a  cam  from  the  valve  shaft,  and  sends  a  given  quantity 
of  oil  per  stroke  to  the  admission  valve ;  the  throw  is  controlled  by 
the  governor  on  the  valve  shaft.  Special  care  is  taken  in  the 
portable  engine  to  avoid  the  risk  of  any  escape  of  the  light  inflam- 
mable oil. 

The  Iiambert  gas  and  gasoline  engine  is  made  horizontal  only 
in  sizes  from  1  to  40  B.H.P.  stationary,  and  portable  for  agricultural 
work.  It  is  of  the  ordinary  four-cycle  type,  with  a  cam  shaft 
operating  the  valves;  the  exhaust  valve  chamber  has  a  water 
jacket  The  governor  is  driven  from  the  valve  shaft,  which  also 
carries  a  cam  to  produce  the  spark  to  fire  the  charge. 

The  American  is  a  small  and  very  simple  motor,  said  to  be 
extremely  light  for  the  power  developed,  the  weight  of  all  the  parts 
being  reduced  to  a  minimum.  It  is  made  in  sizes  from  1  to  4 
H.P.,  and  has  no  water  jacket,  the  motor  cylinder  being  cooled  by 
external  radiating  ribs.  Speed  400  to  600  revolutions  per  minute. 
There  are  two  valves,  admission  and  exhaust,  worked  by  cams  and 
rods  from  the  reducing  gear  wheels,  and  the  air  enters  below  the 
gas  valve.  The  engine  is  especially  adapted  for  propelling  small 
boats.  As  it  is  light  and  easily  transported,  it  is  simply  fixed  to 
the  stern  of  the  boat,  projecting  from  it  in  the  rear,  and  connection 
is  made  with  a  small  carburator.  The  propeller  attached  to  the 
engine  is  then  dropped  into  the  water  and  set  in  motion,  and  a 
speed  of  6  to  8  miles  is  said  to  be  attained. 

The  Star  engine  is  made  horizontal  from  1  to  25  B.H.P.,  vertical 
2  6.H.P.,  and  is  another  extremely  simple  motor.  The  admission 
valve  is  worked  by  a  rod  and  cam  from  the  reducing  gear  wheel, 
and  contains  an  annular  slot  serving  as  a  mixing  chamber,  through 
which  both  gas  and  air  enter.  The  inertia  or  ball  governor  acts 
upon  the  rod,  and  regulates  the  quantity  of  gas,  either  diminishing 
or  wholly  cutting  off  the  supply,  according  to  the  power  required. 
The  exhaust  on  the  other  side  of  the  cylinder  is  worked  by  an 
eccentric  from  the  crank  shaft. 

24 
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The  Olda  engine  for  gu  or  gasoline  also  carries  no  side  shaft. 
The  Talves  are  worked  from  an  eccentric  on  the  main  shaft,  the  rod 
of  which  passes  through  a  valve  chest  at  the  side  of  the  cylinder. 
The  exhaust  valve  is  acted  on  bj  the  pendulum  governor  through 
a  raohet  and  wheel,  and  is  held  closed  if  the  usual  speed  is 
exceeded.  The  admission  valve  is  automatic,  the  small  oil  pump 
is  worked  from  the  eccentric  GkuoUne  is  pumped  into  a  receiver  at 
the  top  of  the  cylinder,  above  the  admission  valve,  and  the  surplus 
returned  to  the  reservoir,  while  air  is  drawn  into  the  vaporiser 
from  the  engine  frame  by  the  suction  of  the  piston,  and  the  current 
pulverises  the  oil.  The  engine  is  also  made  two  cylinder  for 
launches  and  boats,  in  sizes  from  2  to  8  H.  P.  The  horizontal  type 
is  from  7  to  50  &H.P.,  and  the  vertical  up  to  5  RH.P.  For 
marine  work  the  water  cooling  the  cylinder  is  discharged  through 
the  exhaust,  thus  cooling  the  latter. 

The  Weber,  a  more  important  engine,  much  used  for  industrial 
purposes,  is  of  the  usual  four-cycle  type,  made  horizontal,  and  for 
powers  of  2  B.H.P.,  vertical.  A  feature  of  the  motor  is  the 
enclosed  and  water-jacketed  valve  chamber.  Ignition  is  by  a  tube 
heated  by  a  Bunsen  burner.  The  valves  are  worked  by  three  rods 
and  cams  on  the  reducing  gear,  serving  the  exhaust^  admission, 
and  ignition  timing  valve  respectively.  The  cylinder  cover,  as 
well  as  the  barrel,  has  a  circulating  water  jacket.  The  governor 
acts  upon  the  gas  or  gasoline  supply,  and  varies  the  amount  accord- 
ing to  the  speed,  or  wholly  cuts  it  off,  when  the  engine  is  running 
light.  The  gasoline  is  drawn  from  the  tank,  and  supplied  direct 
to  the  engine  in  a  fluid  state,  no  vaporiser  being  used.  Nor  does 
it  come  in  contact  with  the  air  to  form  an  explosive  charge  until 
it  reaches  the  combustion  chamber,  and  this  contributes  to  the 
safety  of  an  engine  working  with  light  oil  The  principle  differs 
wholly  from  the  Oerman  method  of  admitting  air  to  the  oil  twice, 
but  the  specific  grarity  of  gasoline  is  much  lower.  There  are  two 
valves  in  the  Weber  to  admit  the  gasoline  to  the  cylinder ;  some- 
times one  of  them  Ib  automatic.  In  the  latest  engines  the  exhaust 
ports  are  opened  by  the  piston  at  the  end  of  the  outstroke,  and  a 
supplemental  exhaust  valve  in  the  cylinder  head  is  driven  by  a 
rod  and  cam.  This  arrangement  is  not,  to  the  author's  knowledge, 
in  use,  except  in  American  engines.  The  Weber  is  made  hori- 
zontal, in  sizes  from  4  to  100  B.H.P.,  for  electrical  work,  and 
especially  for  pumping  and  hauling  in  mines. 

The  WatkinSy  mside  at  Oinoinnati,  is  a  small  engine  of  the 
usual  type,  the  valves  of  which  are  driven  by  cams  from  a  side 
shaft.  The  charge  is  fired  electrically.  The  governor  diminishes 
the  quantity  according  to  the  load,  but  the  ratio  of  gas  or  gasoline 
to  air  is  always  the  same.  The  gasoline  is  pumped  from  a  small 
tank  made  air-tight  to  prevent  evaporation,  and  a  given  quantity 
per  stroke  is  sent  to  the  engine  by  the  plunger  piston.  To  start 
the  smaller  sizes,  there  is  a  cam  holding  the  exhaust  open  during 
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the  compression  stroke  ;  larger  engines  have  a  reservoir  of  com- 
pressed air.  The  motor  is  made  horizontal  only,  from  2  to  25 
B.H.P.,  and  runs  at  400  to  210  revolutions  per  minute. 

The  Miets  &  Weiss  Engine,  made  at  New  York,  may  he 
worked  with  natural  or  artificial  gas,  or  kerosene.  It  is  a  two- 
cycle  motor,  with  an  impulse  per  revolution.  The  crank  and 
motor  shafb  are  enclosed,  and  are  cooled  by  a  charge  of  fresh  air 
through  the  crank  chamber  at  each  revolution.  At  starting  the 
charge  is  fired  by  a  hot  tube,  but  compression  and  the  heat  of  the 
explosions  are  afterwards  sufficient  to  produce  automatic  ignition. 
The  governor  acts  on  the  gas  valve  or  oil  pump,  and  proportions 
the  supply  of  either  to  the  power.  The  oil  is  delivered  by  a  small 
pump  driven  by  an  eccentric  on  the  crank  shaft.  The  engine  is 
made  horizontal  only,  in  sizes  from  1  to  15  B.H.P.,  and  runs  at 
500  to  300  revolutions  per  minute.  It  is  much  used  for  pumping 
and  various  industrial  purposes. 

The  Palmer  engine  is  made  two  and  four-cycle  by  the  Mianus 
Electric  Company,  Connecticut.  In  the  vertical  two-cycle  type, 
constructed  from  1^  to  6  H.P.  for  boats  and  launches,  the  crank 
and  crank  shaft  are  enclosed,  and  the  cycle  is  similar  to  that  already 
described  in  the  Sintz  and  other  engines.  The  charge  is  fired 
electrically.  The  four-cycle  is  of  the  usual  type.  At  the  end 
of  the  out  compression  stroke  the  piston  uncovers  a  small  port, 
allowing  some  of  the  burnt  products  to  escape  before  the  main 
exhaust  port  opens.  The  valves  are  worked  from  a  side  shaft, 
which  also  carries  the  centrifugal  governor,  and  is  geared  2  to 
1  to  the  main  shaft.  The  engine  is  made  in  sizes  from  3  to 
50  B.H.P.,  and  has  a  speed  of  250  to  160  revolutions  per  minute. 

Two  four-cycle  engines  for  gas  or  gasoline,  the  Warren,  made  by 
Struthers  &  Wells,  and  the  Grand  Bapids,  are  of  the  usual  type. 
The  Warren  is  horizontal,  in  sizes  from  SX  to  62  B.H.P.,  single 
cylinder,  and  from  20  to  125  B.ILP.,  with  two  cylinders.  The 
Grand  Bapids  is  constructed  with  one,  two,  and  three  cylinders, 
from  1  to  45  H.P.,  and  is  used  with  adjustable  propeller  for  boats 
and  other  marine  work. 

The  Otto  gas  engine  is  made  in  America  by  the  Company  of 
that  name  at  Philadelphia.  About  8000  engines  are  said  to  have 
been  built  during  the  last  seventeen  years,  the  output  now  being 
about  800  per  year.  It  is  made  vertical  from  1  to  3^  B.H.P., 
horizontal  from  1  to  120  B.H.P.,  for  driving  dynamos  from  31 
to  36  B.H.P.  When  worked  with  gasoline  no  carburator  is  used. 
The  oil  is  pumped  from  an  underground  air-tight  tank  to  a  valve 
acted  on  by  the  governor,  which  admits  a  given  quantity  to  the 
cylinder,  where  it  is  immediately  pulverised  by  a  current  of  air, 
and  rendered  inflammable.  No  air  reaches  the  gasoline  in  its 
passage  from  the  tank  to  the  engine.  The  charge  is  fired  by 
electricity,  this  being  considered  the  safest  method  of  igniting  so 
explosive  a  mixture.     The  surplus  oil  is  returned  to  the  tank. 
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Gasoline  engines  are  made  vertical  from  1  to  3|  H.P.,  horizontal 
from  2  to  120  B.H.P.,  and  for  electric  work  up  to  38  H.P. 

The  Iiawson  engine,  for  gas  or  kerosene,  of  the  usual  type,  is 
made  vertical  only  in  sizes  from  ^  to  15  B.H.P.  single  cylinder, 
and  20  to  30  B.H.P.  with  two  cylinders.  All  the  valves  are 
positively  worked  from  a  valve  shaft  running  horizontally  across 
the  engine  helow  the  cylinder.  The  exhaust,  air  inlet,  and  gas 
admission  valves  are  driven  by  cams  and  rods  from  this  shaft.  The 
air  valve  is  opened  before  the  gas  valve,  and  the  pure  air  first 
entering  across  the  cylinder  head  is  said  to  cleanse  the  cylinder 
of  the  products  of  combustion.  Ignition  is  by  hot  tube  without 
a  timing  valve,  the  governor  acts  upon  the  gas,  and  regulates 
the  supply  according  to  the  demand. 

The  Baoine  is  a  small  horizontal  four-cycle  engine  for  gas  or 
gasoline,  made  from  2  to  4  B.H.P.  Ignition  is  by  hot  tube  or 
electricity.  The  exhaust  valve  is  driven  by  a  cam  and  rod  £rom 
the  reducing  gear,  and  the  governor  acts  on  a  controlling  disc, 
and  slips  it  on  to  or  off  the  exhaust  cam  as  required.  The  oil 
pump  is  driven  from  a  small  side  shaft  in  the  usual  way.  A  little 
air  is  drawn  through  a  jacket  surrounding  the  exhaust  gases,  and 
conveyed  to  the  mixing  chamber,  where  it  meets  and  volatilises 
the  gasoline.  More  air  is  then  drawn  in  near  the  admission  valve, 
to  render  the  charge  inflammable. 

The  Climax  is  a  four-cycle  gas  engine,  made  horizontal  in  sizes 
from  1^  to  40  B.H.P.,  and  having  the  exhaust  and  admission 
valves  driven  from  a  cam  shaft '  geared  to  the  crank  shaft.  The 
governor  on  the  same  shaft  acts  upon  the  gas  valve,  and  closes  it 
wholly  or  partially,  according  to  the  speed.  Ignition  is  by  hot 
tube.  The  end  of  the  cylinder  furthest  from  the  crank  is  spherical, 
and  has  a  water  jacket. 

The  engine  made  by  the  New  York  Motor  Company  is  worked 
with  gas,  gasoline,  or  oarburetted  air;  it  is  distinguished  by  its 
light  weight  and  high  speed.  The  water  for  the  jacket  is  circulated 
from  an  open  tank  placed  above  the  cylinder,  the  evaporation 
from  which  is  said  to  keep  the  water  at  a  suitable  temperature. 
The  crank  is  enclosed.  Admission  and  exhaust  are  effected  by  one 
double  valve  worked  by  a  cam  and  lever  on  the  reducing  gear 
wheel ;  a  second  cam  actuates  the  timing  valve.  The  charge  is 
fired  by  hot  tube  or  electricity.  In  the  latter  case,  to  give  a  better 
explosion,  the  spark  is  produced  in  the  centre  of  the  combustion 
chamber.     The  gas  valve  is  controlled  by  the  governor. 

The  two-cycle  Facile  is  a  modification  of  the  English  Britannia 
engine,  made  at  Colchester.  In  the  vertical  type  the  crank  and 
shaft  are  enclosed.  The  oil  pump,  driven  by  a  cam  from  the 
main  shaft,  injects  gasoline  into  the  compressed  air  in  the  crank 
chamber,  where  it  is  vaporised  by  a  lamp  at  starting,  afterwards 
by  the  heat  of  the  explosions,  communicated  through  a  tube  con- 
necting it  with  the  combustion  chamber.      The  down  stroke  of  the 
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piston  forces  the  compressed  air  and  oil  below  it  into  the  top  of 
the  cylinder.  In  the  horizontal  type  an  impulse  at  every  revolu- 
tion is  obtained  by  means  of  a  differential  piston.  In  both  engines 
the  valves  are  operated  from  a  single  piston  valve,  with  ports  for 
the  exhaust  and  admission,  worked  from  the  crank  shaft  through 
a  secondary  shaft.  Except  at  starting  ignition  is  spontaneous. 
The  engine  is  made  in  sizes  from  1  to  25  H.P.,  single  and  double 
cylinder. 

The  Wing  is  a  four-cycle  gas  or  gasoline  engine,  made  with 
one  or  two  cylinders,  and  chiefly  intended  for  marine  work  or 
road  carriages.  Admission  and  exhaust  are  by  cams  on  a  valve 
shaft.  The  oil  is  injected  through  a  nozzle  into  the  vaporiser,  the 
valve  being  worked  by  the  admission  rod.  Ignition  is  electric. 
The  engine  is  made  in  sizes  from  2  to  6  H. P.  single,  and  4  to  12 
H.P.  double  cylinder.  A  2J  B.H.P.  engine,  running  at  500 
revolutions  per  minute,  will  drive  a  small  boat  at  a  speed  of  8  or 
9  miles  an  hour. 


CHAPTER  XXII. 
FRENCH  AND  SWISS  OIL  ENGINES. 

Contents. — Lenoir — Simplex — S^curit^ — Tenting — Darand — ^Forest — Niel^ 
Merlin — Qaentin — li  Robusie — Millot  —  Brouhot  —  Roger  —  Crouan  — 
Regent — Gnome — Japy — Swiss  Oil  EiiKines — Martini— B(»said — ^Henriod 
Baditold — Schweizensche  Maschinen  Fabrik — Schmid. 

Foreign  oil  engines  may  be  divided  into  motors  driven  by  ordinary 
heavy  petroleum,  of  0*80  specific  gravity,  and  those  using  volatile 
oil  spirit  or  benzine,  of  0*65  to  0"70  specific  gravity.  Such  a 
classification  does  not  exist  in  England  where  the  aim  of  oil  engine 
makers  is  to  utilise  and  evaporate,  as  completely  as  possible,  heavy 
non-inflammable  petroleum.  The  storage  of  benzine  is  restricted  by 
law  in  England ;  in  Germany  it  pays  no  duty,  while  in  France  it  is 
hardly  more  expensive  than  ordinary  oil.  On  this  point  M.  Durand 
remarks  <'  that  the  use  of  heavy  petroleum  complicates  the  working 
of  an  engine  by  adding  a  vaporiser.''  Heavy  oil  cannot,  he  says, 
be  completely  evaporated,  but  must  always  leave  an  incombustible 
residuum,  causing  waste  and  clogging  the  parts.  He  thinks  it  '*  a 
mistake  to  attempt  to  distil  the  oil  in  the  engine  itself,  when 
mineral  essence,  already  distilled,  can  be  obtained.  By  the  use  of 
heavy  petroleum  one  of  the  principal  advantages  of  internal  com- 
bustion motors,  that  they  can  be  started  at  once,  is  also  lost^  since 
from  ten  to  twenty  minutes  are  required  to  heat  the  vaporiser." 
Most  German  makers  supply  engines  for  working  both  with 
benzine  and  ordinary  petroleum,  and  several  French  motors  are 
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driven  by  much  lighter  oils  than  are  usual  in  England.  Only 
a  carburator  of  the  simplest  description  is  required  with  them, 
instead  of  a  vaporiser,  the  heat  of  which  must  always  be  carefully 
regulated.  Oil  engines,  however,  are  not  much  used  in  France,  on 
account  of  the  high  price  of  oil ;  they  are  made  almost  exclusively 
for  small  powers,  and  for  road  carriages. 

Lenoir. — To  this  motor  a  carburator  has  been  added,  in  which 
light  oil  of  0-65  specific  gravity  is  used.  A  view  is  given  at 
Fig.  128,  the  action  being  the  same  as  in  the  Lenoir  gas  motor.    Tbe 


Fig.  128. — Lenoir  Petroleum  Engine. 

position  of  the  carburator  above  the  cylinder  is  near  enough  for  the 
heat  of  the  engine  to  keep  the  oil  in  a  proper  fluid  condition,  and 
counteract  the  cold  of  evaporation,  but  not  near  enough  to  convert 
the  oil  into  vapour.  Hence  the  use  of  lighter  petroleum,  which 
can  be  evaporated  without  much  heat.  The  cylindrical  carburator, 
at  the  top  of  the  figure,  is  attached  to  the  engine,  and  a  very  slow 
rotatory  movement  is  transmitted  to  it,  as  shown,  by  a  small  strap 
and  worm  wheel,  running  at  4  revolutions  a  minute.  The  air  is 
drawn  into  the  carburator  through  a  filtering  vessel,  and  the  tube 
to  the  right  in  the  drawing.  When  charged  with  petroleum  vapour, 
it  is  carried  off  to  the  engine  at  the  other  side,  the  shape  of  the  tube 
preventing  any  unevaporated  particles  of  carbon  from  reaching  the 
cylinder. 
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129. — Lenoir  Petroleum 
Engine — Indicator  Diagram. 


Lenoir  at  first  divided  the  carbnrator  or  rotating  cylinder  into 
oompartments  filled  with  sponge  or  other  porous  substance.  In 
the  cylinder  now  used,  a  number  of  small  semi-circular  troughs  are 
set  round  the  inner  circumference.  The  bottotti  is  half  filled  with 
gasoline,  and  as  the  cylinder  ro- 
tates, the  troughs  pass  successively 
through  the  oil,  and  fill  themselves, 
liaised  by  the  continued  movement 
of  the  carburator,  each  in  turn  is 
emptied  of  its  contents,  which  fall 
in  a  fine  rain  back  into  the  oil 
below.  Thus  the  cylinder  is  always 
full  of  pulverised  gasoline,  thor- 
oughly saturating  the  air  as  it 
passes  through.  The  carburetted 
air  is  then  conveyed  to  the  motor 
cylinder  through  a  passage  or  bulb, 
in  which  metallic  wires  are  fixed, 
to  prevent  the  flame  from  shooting 
back  into  the  carburator. 

A  series  of  experiments  were 
made  by  M.  Tresca  on  a  2  H.P. 
and  a  4  H.P.  engine  working  with 
carburetted  air ;  the  density  of  the 
oil  used  was  0*65.  The  motor  is 
made  by  Rouart  Fr^res,  single 
cylinder,  in  sizes  from  1  to  12  H.P., 
and  runs  at  220  to  160  revolutions 
per  minute,  and  it  is  also  used  for 
portable  motors,  in  sizes  from  2  to 
8  H.P.,  and  for  boats  from  4  to 
18  H.P.,  with  two  cylinders,  one 
above  the  other.  Fig.  129  shows 
an  indicator  diagram. 

Simplex. — The  Simplex  gas 
engine  of  MM.  Delamare-Deboutte- 
ville  and  Malandin,  described  at 
p.  Ill,  has  also  been  supple- 
mented by  a  carburator,  shown  at 
Fig.  130.  In  this  apparatus  the 
density  of  the  oil  used  is  rather 
greater  than  in  the  Lenoir,  but  as 
the  heat  of  the  engine  does  not 
vaporise  it,  heavy  petroleum  cannot 
be  employed.     H  is  the   tank,  usually  open   at 


1 30.  —Simplex  Carburator. 


the  top  to  the 
atmosphere,  D  the  valve  for  admitting  it  into  the  column  E ;  B  is 
a  spiral  horsehair  brush,  which  breaks  the  oil  falling  on  to  it  into 
spray  ;  at  0  is  the  casing  round  the  column,  heated  by  the  hot 
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water  from  the  motor  cylinder  jacket  This  water  leaves  the 
jacket  at  a  temperature  of  60*  to  70*  C,  and  falls  to  40*  or  50*  C. 
by  the  time  it  reaches  the  carburator,  where  it  helps  to  counteract 
the  cold  produced  by  evaporation.  F  is  the  small  cock  from  which 
water  falls,  and  mingles  with  the  narrow  stream  of  oil  entering 
through  D  from  R.  The  water  helps  to  break  up  the  oil  into  finer 
spray,  and  to  purify  it,  and  the  two  filter  through  the  spiral  brush 
into  the  vessel  L  below,  to  which  they  are  admitted  through  the 
valve  y.  Here  the  impurities  are  deposited,  and  the  water  kept 
at  a  constant  level  by  the  overflow  pipe  N.  The  suction  stroke  of 
the  piston  draws  air  from  the  top  of  the  carburator  through  the 
column  C,  where  it  is  charged  with  petroleum  vapour,  and  carried 
off  from  the  vessel  L  through  the  pipe  S  to  the  motor  cylinder. 
A  safety  valve  hinders  the  flame  produced  by  the  explosion  of  the 
charge  from  shooting  back  into  the  carburator.  The  hot  water 
prevents  clogging  of  the  valves  by  oil  deposit. 

Seourite. — A  horizontal  petroleum  engine  patented  by  MM. 
Diederichs  (Belmont,  Chabond,  and  Diederichs)  and  known  as 
the  "  S^urit^*'  appeared  at  the  Paris  Exhibition  of  1889.  It  is 
rather  complicated,  but  is  self  contained,  requiring  no  external 
connections  of  any  kind,  and  this  is  an  advantage  in  motors 
intended  for  use  in  the  country.  It  may  be  driven  with  any  kind 
of  petroleum,  but  the  best  to  use  is  heavy  mineral  oil,  distilled 
from  bituminous  schist,  of  0*82  to  0*85  specific  gravity.  A  lighter 
petroleum  spirit  la  required  to  start  the  engine,  and  for  the  igni- 
tion. It  stands  on  a  strong  foundation,  part  of  which  serves  as 
a  reservoir  for  the  compressed  air.  The  auxiliary  shaft,  driven  in 
the  ordinary  way  from  the  crank  shaft,  works  the  ignition,  ad- 
mission, and  exhaust  valves  by  two  cams  and  crank  levers;  the 
admission  of  oil  to  the  vaporiser  is  regulated  by  the  governor. 
The  petroleum  for  working  the  engine  is  sent  to  the  vaporiser,  a 
coil  of  pipes  heated  by  the  exhaust  gases.  The  vaporised  oil  at 
high  pressure  issues  out  through  a  nozzle,  carrying  with  it  a 
current  of  air,  and  the  two  become  thoroughly  mixed  as  they  pass 
on  to  the  cylinder.  The  light  oil  for  the  lamp  is  forced  by  an  air 
pump,  driven  from  the  crank  shaft  by  an  eccentric,  into  a  current 
of  compressed  air,  into  which  it  falls  drop  by  drop.  Before 
reaching  the  burner  this  highly  inflammable  carburetted  air  is 
heated  by  passing  it  through  a  second  small  coil  of  pipes.  The 
burner  consists  of  a  small  platinum  capsule  maintained  at  a  red 
heat  by  the  flame,  and  the  timing  valve  is  worked  from  the  side 
shaft  The  engine  is  made  single  cylinder,  horizontal,  in  sizes  from 
1  to  20  H.P.,  and  runs  at  240  to  150  revolutions  per  minute.  The 
Paris  agents  are  the  Maison  Albaret. 

To  the  Tenting  engine  a  carburator  of  the  simplest  description 
has  been  added.  It  is  a  cylindrical  vertical  reservoir  in  three  parts , 
the  volatile  hydrocarbons  are  stored  in  the  upper,  and  thence  pass 
to  the  second  chamber.    The  products  of  combustion  from  the  cylin- 
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der  are  led  through  the  lowest  division,  warm  the  carbnrator,  and 
counteract  the  cold  produced  by  the  evaporation  of  the  hydrocarbon 
liquid.  The  Tenting  carburator  is  a  good  example  of  the  method 
of  carburating  air  by  bringing  it  in  contact  with  light  hydrocarbon, 
without  the  application  of  much  heat.  The  air,  drawn  in  by  the 
out  stroke  of  the  piston,  enters  on  one  side,  and  is  carried  off  from 
the  other  to  the  cylinder,  charged  with  the  volatile  petroleum 
essence.  This  engine  has  been  adapted  for  portable  work,  and  for 
road  carriages  and  boats.  The  charge  can  be  fired  either  by  elec- 
tricity or  hot  tube,  and  for  small  sizes  no  water  jacket  is  required, 
the  cylinder  being  ribbed  externally. 

Diirand  (1889). — Only  the  light  volatile  constituents  of  the  oil 
are  used  in  this  engine,  and  the  heavy  hydrocarbons  are  allowed  to 
accumulate  at  the  bottom  of  the  carburator,  withdrawn  and  wasted 
The  carburator  is  fixed  above  the  cylinder,  the  heat  from  which 
counteracts  the  cold  produced  by  evaporation ;  the  level  of  oil  is 
kept  constant  by  a  float.  Air  is  drawn  through  it  automatically 
by  the  suction  of  the  piston,  and  the  float  being  weighted,  it  passes 
always  through  the  same  quantity  of  oiL  Thus  the  quality  of  the 
charge  admitted  to  the  cylinder  is  uniform.  Electric  ignition  is 
used.  Besides  the  automatic  air  valve  there  are  only  two  others, 
admission  and  exhaust,  both  driven  by  rods  from  the  crank  shaft ; 
the  ball  governor  acts  upon  the  admission.  The  engine  is  made 
horizontal  from  ^  to  10  H.P.,  for  portable  engines  from  2  to  10 
H.P.,  and  runs  at  200  to  130  revolutions  per  minute. 

Forest. — M.  Forest,  of  Paris,  in  conjunction  with  M.  GaJlice,  has 
produced  several  marine  engines  working  with  petroleum,  which 
have  attracted  the  attention  of  the  French  Government.  A  30 
H.P.  engine,  with  six  cylinders,  bought  by  the  French  Admiralty, 
was  tested  at  Brest  in  1890.  A  carburator  on  the  Pieplu  system 
is  used,  with  light  oil  of  0*70  density.  The  surface  of  the  petroleum 
is  agitated  by  a  rotating  cylindrical  brush.  The  air  is  drawn  in 
by  suction,  and  the  petroleum  being  sprayed  into  it  by  the  brush, 
it  becomes  charged  with  the  evaporated  liquid.  These  Forest 
motors  are  reversible,  rapidly  started,  and  the  direction  of  the 
engine  can  be  instantly  changed.  They  have  two  or  more  vertical 
cylinders  working  downwards  on  the  crank  shaft.  A  distributing 
shaft,  with  a  double  set  of  cams  driving  the  ignition  and  exhaust 
valves,  runs  above  the  cylinders,  and  by  slightly  shifting  the  posi- 
tion of  the  cams  to  the  right  or  left,  one  or  the  other  set  can  be 
brought  into  play.  The  charge  is  fired  electrically.  Drawings  of 
this  ingenious  motor  will  be  found  in  Witz's  book. 

Niel. — With  the  exception  of  the  vaporiser,  all  the  chief  parts  of 
this  petroleum  motor  are  similar  to  those  of  the  Niel  gas  engine. 
There  are  two  valves,  one  above  the  other,  for  the  admission  of  the 
charge  to  the  cylinder,  and  discharge  of  the  exhaust  gases ;  both 
are  driven  by  cams  and  levers  from  the  auxiliary  shaft.  Ignition 
is  by  a  tube  without  a  timing  valve.     As  it  ia  the  end  of  the 
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ignition  tube  furthest  firom  the  cylinder  which  is  kept  red  hot  by 
the  lamp,  the  charge  only  penetrates  to  this  hottest  portion  at  the 
moment  of  highest  compression — that  is,  the  outer  dmd  point — and 
is  fired  in  the  usual  way.  The  oil  used  is  ordinary  petroleum,  of 
0'80  density,  and  flows  by  grayity  from  a  reservoir  above,  the  level 
of  which  is  kept  constant  by  a  float.  From  hence  it  passes  partly 
to  the  vaporiser,  partly  to  feed  the  lamp  heating  it  and  the 
porcelain  ignition  tube.  The  lamp,  which  is  separate  from  the 
engine,  consists  of  a  small  jet  of  oil  vapour  issuing  from  the  orifice 
of  a  pipe,  which  is  always  kept  alight,  and  maintains  a  horseshoe 
shaped  tube  over  it  at  a  red  heat.  Above  is  the  vaporiser,  a  small 
cylindrical  vessel  with  an  outer  jacket  and  internally  ribbed 
surfaces;  the  oil  drops  into  the  vaporiser  from  a  hopper,  the 
quantity  entering  at  a  time  being  regulated  by  a  cock  ;  it  is  about 
one-tenth  of  a  gramme  per  H.P.  per  stroke.  Before  starting,  a 
little  spirit  is  ignited  in  a  shallow  vessel  below  the  lamp,  and  heats 
the  tube  and  vaporiser,  until  sufficient  vapour  has  been  generated 
to  make  the  lamp  ignite  spontaneously.  The  exhaustion  of  the 
spirit  in  the  vessel  should  coincide  with  the  attainment  of  a  red 
beat  by  the  tube  and  vaporiser.  As  soon  as  the  lamp  is  started, 
the  hot  gases  from  it  circulate  through  the  jacket  of  the  vaporiser, 
and  keep  it  at  a  high  temperature.  The  Ump  is  protected  by  a 
shield. 

Air  enters  through  an  automatic  valve,  and  carries  the  oil  with 
it  into  the  vaporiser,  where  it  is  evaporated,  and  the  two  pass  to 
the  valve  chamber  and  cylinder  through  an  admission  valve.  The 
valve  shaft  is  driven  half  speed  from  the  crank  shaft.  The  flexible 
three-armed  governor  is  the  same  as  in  the  Niel  gas  engine.  It  is 
worked  by  an  eccentric  from  the  valve  shaft,  and  acts  upon  the 
lever  opening  the  exhaust,  which  is  connected  to  that  working  the 
oil  admission  valve.  If  the  normal  speed  is  exceeded,  the  exhaust 
is  held  open,  and  the  same  action  suspends  the  flow  of  oil.  Thus 
the  admission  is  made  to  depend  upon  the  opening  of  the  exhaust 
valve. 

A  stationary  and  a  portable  Niel  engine  were  shown  at  the 
Meaux  trials,  in  which  the  consumption  of  oil  at  full  power  was 
0*83  lb.  and  1*6  lb.  per  B.H.P.  hour  respectively.  Horizontal 
engines  are  made  in  sizes  from  3|  to  20  RH.P.,  and  run  at  190  to 
160  revolutions  per  minute.  A  small  vertical  type,  called  the 
"  Atlas,^'  intended  especially  for  farming  use,  is  made  1^  and  2 
B.H.P.,  and  runs  at  240  revolutions  per  minute,  and  portable 
motors,  both  horizontal  and  veii^ical,  are  also  constructed.  More 
than  400  engines  are  said  to  have  been  sold,  and  there  is  a  con- 
siderable demand  for  them  in  France,  on  account  of  their  strength 
and  durability. 

Merlin  (1894). — This  oil  engine  is  constructed  by  MM.  Merlin 
et  Gie.,  Yierzon,  Oher,  chiefly  for  agricultural  purposes.  Of  the 
**"^^'0rs  tested  at  Meaux  it  ranked  among  the  best^  both  on  account 
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of  the  low  coDsamption  of  oil,  and  of  the  high  heat  efficiency , 
as  will  be  seen  from  the  Table  of  Tests. 

The  engine  somewhat  resembles  the  Grob  in  its  construction, 
and  method  of  vaporising  the  oil.  The  vertical  cylinder  is  above, 
the  crank  below,  and  between  them  ift  a  valve  shaft  driven  by 
wheels  2  to  1  from  the  crank  shaft.  The  oil  used  is  ordinary 
petroleum,  and  is  contained  in  a  receiver  in  the  base,  from  whence 
it  is  drawn  by  a  small  pump,  and  sent  drop  by  drop,  as  required, 
into  the  red-hot  vaporiser.  The  latter  is  ribbed  externally  to 
afford  a  large  heating  surface,  and  kept  hot  by  a  lamp  fed  from  a 
second  small  reservoir  of  oil,  the  pressure  in  which  is  maintained 
by  an  air  pump.  The  oil  may  also  be  run  to  the  lamp  by  gravity 
from  a  receiver  below,  and  the  air  pump  dispensed  wiUi.  The 
exhaust  valve  and  air  and  oil  pumps  are  worked  by  cams  and 
levers  from  the  valve  shaft.  The  oil  injected  into  the  vaporiser 
by  the  pump  is  pulverised  by  the  air  entering  with  it  through 
a  very  small  passage,  and  instantly  evaporated  by  the  heat.  There 
is  no  timing  valve,  the  vaporiser,  which  also  acta  as  an  ignition 
tube,  being  open  to  the  cylinder.  A  larger  current  of  air,  admitted 
through  an  automatic  valve  lifted  by  the  vacuum  in  the  cylinder, 
enters  from  above,  and  mixes  with  the  oil  vapour  drawn  in  from 
the  vaporiser  by  the  suction  stroke  of  the  piston.  The  charge  is 
compressed  by  the  next  in  stroke,  driven  into  the  red-hot  vaporiser, 
and  ignites  spontaneously.  The  governor  consists  of  a  weight 
and  spring  carried  on  the  flywheel.  If  the  normal  speed  is 
exceeded,  it  throws  the  whole  valve  shaft  out  of  gear,  the  exhaust 
is  held  open,  no  oil  passes  to  the  vaporiser,  and  no  vacuum  being 
produced  in  the  cylinder,  the  automatic  admission  of  air  is  sus- 
pended. In  the  engine  shown  at  Meaux,  the  water  sent  to  the 
cooling  jackets  was  circulated  by  means  of  a  pump.  As  the  action 
of  the  latter  was  checked  by  the  governor  if  the  normal  speed 
was  exceeded,  the  cylinder  did  not,  as  in  other  engines,  become 
unduly  cooled,  and  the  heat  efficiency  was  consequently  improved. 
The  Merlin  engine  is  made  vertical  stationary,  single  cylinder,  in 
sizes  froBtti  to  8  B.H.P.,  portable,  horizontal,  and  stationary  from  1 
to  13}  B.H.P.,  and  runs  at  450  to  270  revolutions  per  minute.  The 
consumption  at  the  Meaux  trials  was  very  low — viz.,  0*78  lb.  oil 
per  B.H.P.  hour,  and  the  heat  efficiency  16*2  per  cent.  Both  the 
Kiel  and  the  Merlin  discard  the  use  of  light,  inflammable  oil. 

Quentin. — This  engine,  made  by  MM.  Quentin,  at  Valen- 
ciennes, for  small  powers,  is  intended  principally  for  propelling 
boats  and  carriages.  The  light  oil  is  drawn  from  a  carburator 
above,  the  level  in  which  is  kept  constant.  Ignition  is  by  an 
electric  spark.  The  engine  is  horizontal,  has  two  cylinders  side  by 
side,  and  two  valves,  admission  and  exhaust ;  one  governor  regu- 
lates the  speed  in  both  cylinders.  They  are  easily  uncoupled  and 
worked  separately,  if  less  power  is  required.  The  motor  is  in 
sizes  from  10  to  100  H.P.,  with  a  speed  of  220  to  120  revolutions 
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per  minute.      A  single  cylinder  type  is  also  made  from  ^  to  10 
H.P.,  and  runs  at  300  to  180  revolutions  per  minute. 

Le  BobuBtey  made  by  the  inventor,  M.  Levasseur,  is  worked 
with  petroleum  as  well  as  with  gas,  and  is  chiefly  used  for  road 
carriages.  The  oil  is  vaporised  automatically  in  a  vaporiser  heated 
by  a  lamp  fed  fro/n  the  receiver  containing  the  oil  for  the  charge. 
The  engine  is  very  strong ;  it  is  made  horizontal  only,  in  sixes  from 
1  to  7  U.P.,  and  the  consumption  is  about  1  lb.  per  H.P.  per  hour. 

A  vertical  oil  engine  of  the  same  type  as  the  Merlin  is  made 
by  MM.  Millet  Freres,  at  Gray,  in  Savoy.  Heavy  petroleum  is 
used  in  this  motor,  which  is  said  to  require  no  external  light  or 
electric  battery  for  ignition.  There  are  two  valves  for  admission 
and  exhaust,  driven  by  rods  from  the  crank  shaft,  and  acted  on 
by  the  governor.  The  cylindrical  vaporiser  is  at  the  top  of  the 
engine,  the  air  enters  automatically  from  above.  The  engine  is 
made  in  sizes  from  1^  to  7  H.P.,  chiefly  for  agricultural  purposes. 

Bronhot. — The  petroleum  engine  made  by  MM.  Brouhot,  of 
Vierzon,  is  similar  to  the  gas  engine  described  at  p.  127,  with 
the  addition  of  an  apparatus  for  evaporating  the  oiL  This 
consists  of  a  carburator,  a  large  reservoir  above  it,  and  an  inter- 
mediate receiver  to  regulate  the  supply  of  oil  to  the  carburator. 
By  means  of  the  receiver,  the  level  of  liquid  in  the  carburator  is 
maintained  uniform,  and  the  air  always  charged  to  the  same 
extent  with  volatile  petroleum.  The  oil  is  pumped  to  the  top  of 
the  carburator,  and  falls  in  its  descent  through  a  perforated  screw; 
the  air  as  it  passes  upwards  meets  it,  and  become  thoroughly 
oarburetted.  Electric  ignition  is  used,  and  in  other  respects  the 
engine  does  not  vary  from  the  usual  four- cycle  type.  It  is  some- 
times driven  with  sdiist  oil,  which  is  similar  to  Scotch  shale  oiL 
It  is  made  vertical,  in  sizes  from  i  to  3  H.P.,  horizontal,  with  one 
cylinder  J  to  10  H.P.,  with  two  cylinders  4  to  25  H.P.  As  a 
portable  engine  it  has  already  obtained  considerable  success.  The 
consumption  is  said  to  be  about  1  lb.  of  oil  per  H.P.  hour. 

Boger. — The  small  vertical  oil  engines  brought  out  by  M. 
Roger  are  compact  and  very  simple.  The  petroleum  used  is  of 
0*70  specific  gravity,  and  is  evaporated  in  a  carburator  placed  at 
the  side  of  the  engine.  Ignition  is  by  a  hot  tube.  These  little 
motors  are  made  from  1^  to  12  B  H.P.,  and  run  at  300  to  200 
revolutions  per  minute ;  they  are  especially  intended  for  manu- 
facturing purposes  and  motor  carriages. 

For  the  Crouan  engine,  the  makers  claim  that  it  can  be  driven 
with  gas  or  petroleum,  as  desired.  If  oil  is  used  as  the  motive 
power,  the  engine  must  be  connected  to  a  carburator,  and  furnished 
with  petroleum  essence  in  the  same  way  as  with  gas.  In  other 
respects  the  two  engines,  for  oil  and  gas,  do  not  differ. 

The  Begent,  on  the  "Hille**  system,  described  at  p.  144,  is 
also  worked  with  petroleum,  and  is  made  vertical  in  sizes  from  1  to 
16  H.P.,  speed  350  to  180  revolutions  per  minute,  and  horizontal 
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from  J  to  60  H.P.,  with  a  speed  of  275  to  150  revolutions.  Hori- 
zontal engines  connected  to  a  pump,  and  portable,  are  from  3  to  15 
H.P.  The  oil  is  run  from  a  reservoir  into  a  hot  chamber,  which  it 
enters  through  a  double-seated  valve,  together  with  the  necessary 
quantity  of  air  through  the  upper  part  of  the  valve.  The  two  are 
here  thoroughly  mixed,  and  pass  to  the  vaporiser  above  the  ignition 
tube,  which  is  maintained  at  a  red  heat  by  a  special  pressure  lamp. 
The  hot  tube  communicates  with  the  cylinder  without  a  timing 
valve.  For  powers  above  12  H.P.  a  small  pump  is  necessary  to 
circulate  the  water  in  the  cooling  jacket.  The  pressure  lamp  at 
starting  is  first  heated  by  means  of  a  little  alcohol  poured  into 
a  cup  below  it  and  ignited ;  when  this  oil  is  exhausted  the  lamp 
should  be  ready  to  start. 

The  "Gnome,"  made  by  S^guin,  of  Gennevilliers,  to  work  with 
petroleum,  is  of  the  German  type,  and  all  the  organs,  including  the 
crank  and  motor  shaft,  are  enclosed.  For  a  description  of  the 
working  method,  see  Chapter  xx'iii.  on  German  oil  engines.  The 
French  makers  build  the  engine  vertical  only,  in  sizes  from  1  to  18 
B.H.P.,  and  it  runs  at  400  to  250  revolutions  per  minute.  Accord- 
ing to  them,  it  can  be  converted  into  a  gas  engine,  or  vice  versd^ 
in  a  very  short  time.  It  is  sometimes  made  portable ;  a  large 
number  have  been  constructed. 

The  Japy,  a  small  and  simple  new  engine,  is  designed  on  the 
same  lines  as  the  Eoots.  There  is  no  vaporiser  or  oil  pump.  The 
petroleum  flows  by  gravity  from  a  receiver  above  to  an  admission 
valve,  the  special  type  of  which  forms  the  distinguishing  feature  of 
the  engine.  It  is  a  double-seated  valve ;  the  air  drawn  in  by  the 
suction  stroke  of  the  piston  enters  through  the  larger  part,  the  oil 
through  the  smaller.  The  quantity  of  the  latter  passing  to  the 
Cylinder  per  stroke  is  measured  by  means  of  a  hollow  in  the  rod 
of  the  vertical  valve,  4;be  size  of  which  can  he  adjusted.  A  given 
quantity  of  oil  is  conveyed  to  this  hollow  by  a  lateral  tube,  and 
each  time  the  valve  descends,  the  contents  of  the  hollow  are  dis- 
charged into  the  cylinder.  The  exhaust  valve  is  worked  from 
a  cam  on  the  valve  shaft,  and  the  governor  holds  it  open  if  the 
ordinary  speed  is  exceeded.  The  engine  is  started  by  a  lamp, 
which  heats  the  hot  tube  and  working  parts.  The  heat  of  com- 
pression and  of  the  explosions  is  afterwards  sufficient  to  vaporise 
and  fire  the  charge. 

Various. — ^Two  small  gas  engines  have  now  been  adapted  for  use 
with  petroleum,  the  Koel,  made  at  Provins  (Seine  et  Marne)  and 
the  Delahaye  at  Tours.  Both  are  for  small  powers,  and  intended 
chiefly  for  agricultural  and  manufacturing  purposes.  The  Noel  is 
constructed  both  horizontal  and  vertical,  with  electric  ignition; 
the  Delahaye  is  made  vertical  only.  The  horizontal  Pellorce, 
made  at  Courbevoie,  is  also  constructed  for  use  with  petroleum,  in 
sizes  from  ^  to  6  H.P.,  and  runs  at  180  revolutions  per  minute. 
The  Duplex,  described  at  p.  128,  is  also  worked  with  petroleum^ 
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a  carburator  being  added.      It  is  made   in    sizes  from    1^  to   9 
B.H.P. 

The  German  Kappel  engine  is  constructed  by  Lacroix  at  Caen, 
and  the  Grob  by  the  Compagnie  des  Moteurs  Universels. 

Swiss  Oil  Engines. — Not  many  oil  motors  are  made  in  Switzer- 
land, but  a  considerable  impetus  was  given  to  their  manu&ctnre  by 
the  Geneva  Exhibition  of  1896.  MM.  Martini,  of  Frauenfeld, 
make  horisontal  single  cylinder  four-cycle  engines  for  use  either 
with  petroleum  essence  or  ordinary  oil.  In  the  former  the  receiver 
containing  the  supply  of  volatile  oil  is  heated  by  the  jacket  water 
and  the  exhaust  gases.  The  carburator  is  divided  into  two  parts, 
both  being  heated  in  this  way.  Ignition  is  by  electricity,  as  usual 
in  engines  using  this  inflammable  essenca  In  the  petroleum 
engines  the  vaporiser  is  formed  by  the  jacket  surrounding  the 
compression  spac^.  The  oil  drops  into  it  from  above  at  the  hottest 
part,  just  above  the  ignition  flame,  is  evaporated  by  the  air  drawn 
in  through  the  base  of  the  engine,  carried  round  to  the  admission 
valve,  and  so  to  the  cylinder.  In  the  larger  engines  the  governor 
acts  upon  the  oil  and  admission  valves,  and  neither  oil  nor  air  are 
admitted  if  the  normal  speed  is  exceeded.  This  firm  exhibited  a 
30  H.P.  and  a  2  H.P.  oil  motor  at  Geneva. 

A  small  oil  engine  is  made  by  Bossard  of  Geneva,  two  types  of 
which  were  shown  at  the  Exhibition  of  1896.  The  oil  and  admission 
valves  are  automatic,  and  the  exhaust  is  opened  by  an  eccentric  on 
the  crank  shaft  By  an  arrangement  of  rods  and  levers  a  tappet  on 
the  rod  of  the  eccentric  misses  the  valve  at  every  other  revolution, 
and  the  exhaust  remains  closed.  The  speed  is  regulated  by  a 
centrifugal  or  inertia  governor,  driven  from  the  crank  shaft,  which 
holds  the  exhaust  valve  open  till  the  speed  has  fallen.  The 
vaporiser  is  placed  between  the  oil  and  admission  valves.  The 
spindle  of  the  little  oil  valve  carries  a  disc  over  which  the  oil  falls 
in  a  thin  veil,  and  the  current  of  air  pulverises  it  and  forces  up  the 
valve  with  great  regularity.  The  ignition  tube  and  vaporiser  are 
heated  by  an  external  lamp,  and  there  is  no  timing  valve. 

Another  small  engine  of  the  u»ual  type  is  made  by  Henriod 
Sohweiser.  Oil  and  air  are  admitted  through  one  double-seated 
automatic  vertical  valve.  The  red-hot  compression  space  at  the 
end  of  the  cylinder  forming  the  vaporiser  is  ribbed  to  retain  the 
heat,  and  has  no  water  jacket  The  oil  enters  a  small  space  above 
the  valve,  the  size  of  which  can  be  varied  according  to  the  quantity 
of  oil  required.  As  the  valve  is  drawn  down  by  the  vacuum  in 
the  cylinder,  the  oil  falls  thinly  spread  out  over  the  conical  seat  of 
the  valve,  is  pulverised  by  the  current  of  air,  and  carried  on  to  the 
compression  space.  The  ignition  tube  without  a  timing  valve  is 
usually  heated  by  a  lamp,  but  the  engine  will  run  for  hours,  at  a 
speed  of  400  revolutions  per  minute,  without  a  lamp  of  any  kind, 
and  no  premature  ignitions  occur.  Small  oil  engines  may  be  thus 
worked  satisfactorily,  but  in  the  larger  sizes  the  losses  by  radiation 
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ultimately  lower  the  temperature,  and  stop  the  engine.  If  it  is 
governed  hj  holding  the  exhaust  valve  open,  the  cylinder  soon 
becomes  cool,  and  must  be  heated  afresh.  In  a  2  H.P.  Henriod 
engine  the  consumption  was  about  1  lb.  of  Russian  petroleum  per 
B.H.P.  hour. 

Baohtold. — In  this  small  engine  the  automatic  admission  valve 
at  the  top  of  the  cylinder  is  connected  to  the  oil  valve,  to  which 
the  oil  flows  by  gravity.  The  air  enters  at  the  side,  pulverises  the 
oil  spread  out  in  a  thin  sheet  over  the  cone  of  the  valve,  and  carries 
it  on  to  the  vaporiser,  which  is  heated  by  the  same  lamp  as  the  hot 
tube.  The  exhaust  valve  does  not  close  at  the  end  of  the  discharge 
stroke,  but  remains  open  during  part  of  the  admission,  and  some  of 
the  products  are  drawn  back  into  the  cylinder,  together  with  a 
small  quantity  of  air  through  an  automatic  valve  in  the  exhaust 
channel,  but  do  not  reach  the  admission  and  ignition  passages.  By 
this  means  it  is  said  that  a  rich  mixture  is  always  round  the 
admission  and  hot  tube,  and  a  poor  mixture  close  to  the  exhaust. 
An  inertia  governor  holds  the  latter  open  and  closes  the  admission 
valve,  if  the  normal  speed  is  exceeded. 

The  Sohweiaerisohe  Masohinen  Fabrik,  Winterthur,  make 
a  well-designed  and  carefully-constructed  oil  engine,  several  types 
of  which  were  exhibited  at  Geneva.  In  the  portable  motor  there 
is  no  oil  pump.  The  petroleum  runs  by  gravity  from  a  receiver 
above,  part  going  to  the  lamp,  and  part  being  carried  on  to  the 
vaporiser  by  the  inrush  of  air.  There  are  two  cams  on  the  valve 
ahaft  for  admission  and  exhaust;  the  admission  is  connected  by 
levers  to  the  oil  valve,  and  both  work  together.  The  governor  acts 
upon  the  exhaust,  and  holds  the  valve  open  to  reduce  the  speed, 
and  at  the  same  time  checks  the  admission  valve.  In  the  horizontal 
engine  the  gas  and  admission  valves  on  the  opposite  side  of  the 
cylinder  to  the  valve  shaft  are  worked  by  the  same  cam  and  lever, 
and  if  the  normal  speed  is  exceeded  the  inertia  governor  forces  the 
gas  valve-rod  out  of  the  vertical,  and  no  gas  is  admitted.  Some 
engines,  however,  are  governed  by  a  graduated  cam,  and  the  rich- 
ness of  the  charge  is  varied  in  inverse  ratio  to  the  speed.  These 
motors  can  be  worked  with  either  benzine  or  ordinary  petroleum  ; 
in  the  former  case  ignition  is  by  electricity  with  a  hot  tube  in 
reserve.  They  are  built  vertical  up  to  6  H.P.,  horizontal  from  2 
to  40  H.P.,  and  run  at  250  to  170  revolutions  per  minute.  In  the 
smaller  sizes  there  is  no  timing  valve.  This  firm  make  a  large 
number  of  oil  engines  every  year,  several  of  which  the  author 
has  seen  at  work.  They  run  well,  and  are  very  carefully  built  and 
:6tted. 

In  the  little  vertical  2  H.P.  oil  engine,  made  by  Schmidt,  of 
Zurich,  the  oil  and  air  are  vaporised  in  the  usual  way,  but  special 
care  is  taken  to  prevent  un vaporised  oil  from  passing  to  the 
cylinder.  It  flows  by  gravity  from  a  receiver  above,  and  is  sent 
on  by  a  little  pump  with    adjustable    screw ;    a    throttle    valve 
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regulates  the  admission  of  air.  The  double  lever  working  both 
is  under  the  control  of  the  governor,  which  checks  the  speed  bv 
not  opening  the  valve.  The  hot  tube  is  heated  by  a  lamp 
without  a  timing  valve.  At  starting  an  additional  supply  of  oil 
is  admitted  to  counteract  the  reduced  vacuum,  the  lower  speed, 
and  greater  condensation  against  the  cold  wails.  Thus  there  is 
sufficient  oil  vapour  for  an  explosion,  but  a  certain  amount  of 
deposit  must,  it  would  seem,  remain  in  the  cylinder. 


CHAPTER  XXIir. 
GERMAN    OIL    ENGINES. 

Contents.  — Daimler— Adam — Altmaim — Koerting — Lanx  enaiepen — Berliner 
MaBohinen-Ban  Gesellschaft — Kappel — Bielefelder  Maschineii-Fabrik— 
Molitor — Seek — Benz — Friedrich-August — Bntzke — Kjelsberg — Nobel— 
8ach8enburfler  —  Januschek  —  BechBtein  —  Hermann  —  Escher  -  Wyss— 
HiUe— LiitAy— Deutz-Otto— Capitaine— Binki— Buda-Pesth— Waibel— 
Depp— Russian  Oil  Engines  —  Dieael  "Rational"  Motor  —  Petr^ano 
Vaporiser. 

Daimler. — This  important  little  motor  differs  in  some  respects 
from  the  gas  engine  of  the  sama  name,  described  in  the  gas 
engine  section.  It  has  two  single-acting  cylinders,  set  vertically 
or  at  a  slight  angle,  and  working  upon  the  same  crank  shaft,  but 
the  pistons  have  no  valves.  The  sides  and  covers  of  the  cylinders 
are  cooled  by  water  jackets ;  but  these  are  oflen  dispensed  with, 
and  the  cylinder  ribbed  externally.  Fig.  131  shows  the  arrange- 
ment of  the  parts,  Fig.  132  the  method  of  vaporising  the  oil. 
The  air^  previously  warmed  by  the  hot  gases  from  the  lamp  L 
(Fig.  131)  is  introduced  in  the  direction  of  the  arrows  into  the 
cylindrical  upper  part  of  the  receiver  A.  This  is  divided  into  an 
outer  and  inner  portion  by  concentric  wire  gauzes,  and  through 
the  centre  passes  a  tube  conveying  oil  from  the  reservoir  K  into 
the  lower  part  of  A ;  the  oil  is  kept  at  a  constant  level  by  a 
float,  B  (Fig.  132).  The  hot  air  is  drawn  by  the  suction  of  the 
piston  tnrough  the  outer  jacket  of  the  upper  cylindrical  portion  of 
A,  and  forced  out  at  the  bottom  through  the  oil  at  L,  its  direction 
being  regulated  by  the  float.  Thus  it  always  passes  through  a 
layer  of  uniform  thickness.  The  oil  with  which  it  is  charged 
impinges  against  the  plates  H  and  F,  and  is  broken  up  ;  part  falls 
back  into  the  reservoir  below,  and  part  is  carried  up  with  the 
current  of  air.  The  force  of  the  air  blast  produced  by  the  vacuum 
in  the  cylinder  being  always  the  same,  and  the  level  of  oil  con- 
stant, the  latter  is  said  to  be  completely  vaporised.  The  mixture 
then  passes  through  the  wire  gauze  to   the  admission  valve  H, 


THS  DAIMLSB   SNQINB.  385 

where  more  air  is  drawn  in — sufGicient  to  make  the  charge  in- 
flammable— and  thence  to  the  motor  cylinder  ;  the  arrows  indicate 
the  direction.  The  two  valves  for  admission  and  exhaust  are 
placed  one  above  the  other  in  the  same  valve  chest,  and  the  lamp 
between  them ;  thus  the  incoming  charge  is  still  further  heatedi 
before  it  passes  to  the  cylinder  through  an  automatic  lifb  valve, 
as  in  the  gas  motor.  The  back  stroke  of  the  piston  compresses  the 
charge  in  the  usual  way. 


Fig.  130a.— Herr  Daimler, 

Ignition  is  effected  by  means  of  two  small  external  lamps,  L 
(Fig.  131),  one  for  each  cylinder.  These  lamps  are  fed  from  the 
reservoir  R,  the  valve  cock  /?,  and  the  receiver  B ;  the  supply  of 
oil  is  regulated  by  the  valve  V,  and  the  lamps  burn  with  a  clear 
blue  flame.  Within  them  are  small  nickel,  platinum^  or  cast-iron 
rods,  kept  at  a  white  heat,  which  fire  the  charge  in  either  cylinder 
automatically,  without  a  timing  valve,  at  the  end  of  the  compres- 
sion stroke.  Upon  the  proper  burning  of  the  two  lamps  the 
efGicient  working  of  the  engine  in  a  great  measure  depends.  The 
Daimler  claims  to  be  one  of  the  first  motors,  if  not  the  earliest,  in 
which  automatic  ignition  was  introduced.  The  arrangement  was 
necessitated  by  the  high  speed  at  which  it  runs,  a  speed  so  great 
that  no  valve  gear  could  be  relied  on  to  give  punctual  admission. 
Care  is  needed  in  the  Daimler,  Capitaine,  and  other  engines,  to 
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prevent  premature  igiiitioii»  since  the  red-hot  vaporiser  is  alwajs 
open  to  the  cylinder.  Special  attention  is  always  paid  to  the 
double  admiMion  of  air,  and  the  quantities  are  carefully  regulated. 
The  exhaust  valve  is  worked  from  the  crank  shaft  by  an  eccen- 
tric. The  governor  on  the  flywheel  regulates  the  speed  by  keeping 
the  exhaust  open  if  the  normal  number  of  revolutions  is  exce^ed, 
and,  admission  being  automatic,  no  charge  can  enter.  The  engine 
is  started  by  means  of  a  hand  crank,  which  carries  a  wheel  gearing 
into  another  on  the  motor  shaft.  As  soon  as  the  engine  is  at  work, 
its  speed  being  greater  than  can  be  overtaken  by  the  hand  crank, 
the  latter  slips  out  of  gear. 


^* 


L 


Fig.  131.— Daimler  Oil  Engine.     1890. 

The  Daimler  motor  works  with  petroleum  of  0*68  to  0  86  specific 
gravity,  and  is  much  used  for  road  carriages,  boats,  fire  engines, 
pumps,  <kc.,  on  account  of  its  small  dimensions  and  low  consump- 
tion of  oiL  The  original  type,  with  two  cylinders  set  at  an  angle 
to  each  other,  is  used  for  portable  and  boat  engines,  the  later  type 
with  vertical  cylinders  for  stationary  motors.  The  latest  oil 
engines  have  only  one  cylinder,  and  thus  both  price  and  weight 
are  diminished.  The  engines  are  made  vertical  only,  in  sizes  from 
i  to  10  H.P.  stationary,  and  run  at  540  to  250  revolutions  per 
minute,  with  one  or  two  cylinders.     For  boats  they  are  constructed 
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Fig.  132.— Daimler  Oil  Engine— Vaporiser.     1890. 
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with  one,  two,  or  foar  cylinders,  with  a  maximum  speed  of  580 
revolutions,  and  in  sizes  up  to  25  H.P.  The  latest  engines  nm 
at  750  revolutions  per  minute  (see  chapter  on  Practical  Applica- 
tions)    For  Tests,  see  Table  at  end  of  book. 

Adam. — The  Adam  petroleum  engine  resembles  the  gas  motor 
of  the  same  name,  already  described,  with  the  addition  of  a 
vaporiser.  Benzine  is  used  as  the  motive  power;  the  inflam- 
mable gas  is  generated  from  a  benzine  flame,  which  also  serves  to 
heat  the  ignition  tube.  The  principle  is  similar  to  that  of  the 
oil  vapour  lamps,  now  generally  used  in  petroleum  motors,  and  the 
engine  is  said  to  be  safer  than  most  of  those  working  with  this 
light  oil,  because  the  explosive  vapour  is  produced  per  stroke  as 
required.  The  benzine  flows  from  a  receiver  above,  by  gravity, 
into  a  hollow  cylindrical  space  between  two  tubes ;  in  the  outer 
tube  a  light  is  kindled  before  starting  by  a  little  spirit,  and  after- 
wards kept  burning  by  a  portion  of  the  evaporated  benzine.  The 
main  part  of  the  oil  passes  into  the  inner  tube,  and  down  to  a 
cylindrical  receiver  below,  through  a  valve  lifted  by  the  suction 
of  the  motor  piston.  This  receiver  is  surrounded  by  a  jacket^  into 
which  air  is  admitted  through  an  automatic  valve.  The  benzine 
vapour  passes  through  holes  in  the  receiver,  and  mingles  with  the 
current  of  air  on  its  way  to  the  cylinder.  The  relative  proportions 
of  air  and  vapour  for  each  charge  can  be  regulated  by  altering  the 
size  of  the  receiver.  As  the  inflammable  vapour  is  generated  per 
stroke,  the  quantity  is  very  small,  and  unless  the  piston  draws 
it  ofi"  to  the  motor,  it  is  not  produced.  The  aperture  through 
which  the  gases  are  carried  off  is  exactly  proportioned  to  the  pres- 
sure in  the  cylinder,  and  the  height  of  the  feeding  reservoir  above. 
The  speed  is  regulated  by  a  ball  governor  acting  on  the  exhaust ; 
when  the  latter  is  held  open  the  admission  valve  is  closed,  and 
no  fresh  mixture  can  either  be  generated,  or  enter  the  cylinder. 

Altmann. — This  engine,  made  by  Altmann  k  Co.,  of  Berlin,  is 
compact,  simple,  and  has  met  with  considerable  success,  especially 
as  a  stationary  or  portable  agricultural  motor.  In  the  original 
vertical  type  the  piston  worked  upwards  on  to  the  crank. 
Admission,  ignition,  and  exhaust  were  effected  from  a  horizontal 
auxiliary  shaft,  worked  from  the  main  shaft  by  two  sets  of  conical 
wheels.  The  petroleum  was  delivered  by  a  small  pump  with 
adjustable  stroke  to  the  vaporiser,  a  shallow  vessel  heated  by  a 
spirit  lamp,  into  the  flame  of  which  the  hot  ignition  tube  projected. 
The  vaporised  oil  then  passed  to  another  valve  chamber,  where  it 
was  diluted  with  air  before  entering  the  cylinder.  The  oil  pump 
and  the  suction  valve  admitting  the  oil  from  the  reservoir  were 
worked  from  the  same  lever,  by  a  roller  and  cam  on  the  auxiliary 
shaft.  If  the  engine  ran  too  fast,  the  cam  was  thrown  out  of  gear 
by  the  ball  governor,  and  missed  the  roller,  and  no  oil  entered  the 
cylinder  until  the  speed  was  reduced. 

in  the  latest  types  of  this  engine  some  modifications  have  been 
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introduced,  the  parts  simplified,  and  their  number  reduced.  It  is 
now  usually  made  horizontal,  and  no  vaporiser,  strictly  so  called, 
is  used. 

The  admission  is  immediately  above  the  exhaust  valve,  and  both 
are  worked  by  cams  and  levers  from  the  auxiliary  shaft.     The 
admission  cam  also  acts  on  the  small  levers  driving  the  little  oil 
pump.     The  oil  flows  by  gravity  from  a  receiver  above,  falls  over 
the  cone  of  the  valve  in  a  thin  stream,  and  is  broken  up  and  carried 
on  into  the  admission  valve  by  a  current  of  air  entering  at  the  side. 
An  oil  "  pocket  "  below  receives  any  unevaporated  oil,  and  renders 
the  vaporisation  of  the  remainder  more  easy.     On  reaching  the 
admission  valve  chamber  the  direction  of  the  stream  of  oil  vapour 
and  air  is  suddenly  changed,  and  as  the  chamber  is  not  cooled, 
the  heat  of  the  explosions  and  of  the  exhaust  gases  is  sufficient  to 
convert  the  oil  and  air  into  an  explosive  charge.     Any  oil  drops 
flung  out  of  the  mixture  at  this  point  are  immediately  re-evaporated 
by  contact  with  the  hot  exhaust  valve.     The  ignition  tube  is  open 
to  the  cylinder  without  a  timing  valve,  and  is  heated  by  a  flame 
fed  by  oil  from  a  receiver,  the  pressure  in  which  is  maintained  by 
hand.     The  governor  acts  on  the  oil  and  admission  valves,  and 
prevents  the  cam  on  the  valve  shaft  from  reaching  the  rod,  if  the 
speed  is  too  great,  the  exhaust  meanwhile  working  as  usual.     The 
engine  is  started  by  shifting  the  exhaust  valve  cam  and  keeping  it 
wholly  open,  while  the  flywheel  is  turned  by  hand.     As  soon  as 
the  latter  has  acquired  a  certain  momentum  the  exhaust  closes 
automatically,  compression  and  ignition  take  place,  and  the  energy 
of  the  flywheel  is  sufficient  to  carry  the  engine  through  its  first 
stroka     The  charge  is  fired  by  a  nickel  or  porcelain  tube.     A 
novelty  in  the  portable  engine  exhibited  at  the  Berlin  oil  motor 
trials  was  that  the  compression  space  could  be  reduced  in  size  at 
starting,  and  expanded  to  its  fall  dimensions  as  the  engine  became 
hot.    At  these  trials  this  was  the  most  economical  of  all  the  portable 
engines,  and  was  highly  commended,  the  consumption  being  only 
0*83  lb.  of  oil   per  B.H.P.  hour.     Stationary  engines  are   made 
vertical  from  |  to  5  H.P.,  and  run  at  240  revolutions;  horizontal 
from  2  H.P.  upwards,  with  a  speed  of  200  to  240  revolutions  per 
minute.     Portable  engines  are  made  horizontal  only,  from  2  to  16 
H.P.,  and  run  at  the  same  speed.     Two  small  oil  engines  were 
shown  at  the  Berlin  Exhibition  of  1896,  and  also  a  25  H.P.  double 
cylinder  portable  engine.      In  the  latter  the   water  to  cool  the 
cylinder  was  not  circulated  as  usual,  but  was  fed  into  the  jacket, 
where  it  remained  till  it  had  wholly  evaporated  through  a  blow-off 
cock  and  pipe.     In  this  class  of  engine  this  arrangement  has  its 
advantages,  and  is  said  to  produce  a  considerable  economy  of  water 
(see  Table  7,  Nos.  19  and  24,  for  tests). 

Eoerting. — In  this  engine  (see  Fig.  133)  when  driven  by 
ordinary  petroleum,  the  oil  flows  by  gravity  from  a  receiver  above, 
the  air  enters  at  the  side,  at  right  angles.     Both  are  admitted 
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through  one  automatic  valve,  ,'and  the  oil  is  then  sprayed  or 
pulverised  by  drawing  it  down  into  the  vaporiser  between  two 
discs,  at  the  same  time  as  the  air  current  The  three  processes  of 
admitting  the  oil  and  air,  and  pulverising  the  former,  take  place 
simultaneously,  and  are  in  proportion  to  the  pressure  in  the 
cylinder.  The  dimensions  of  the  oil  valve  are  so  adjusted  that  the 
opening  uncovered  when  the  rod  is  lifted  is  always  less  than  the 
aperture,  and  thus  the  composition  of  the  charge  is  maintained 
uniform.  The  oil  and  air  then  pass  to  the  vaporiser,  which  is  kept 
at  a  red  heat  by  the  flame  heating  the  ignition  tube,  the  oil  is 
evaporated,  and)  the  mixture  admitteid  to  the  cylinder.     It  benzine 

is  used  as  the  motive  power,  the 
air  is  not  allowed  to  come  in  con- 
tact with  it  till  it  reaches  the 
engine.  The  two  enter  as  before 
through  one  automatic  valve,  and 
there  is  no  vaporiser  properly  so 
called.  The  oil  passes  down  through 
the  hollow  valve-rod,  the  quantity 
being  regulated  by  a  small  pin,  and 
spreads  out  over  the  conical  seat  of 
the  valve.  The  air,  drawn  in  at 
right  angles,  breaks  up  the  thin 
veil  of  petroleum,  and  the  mix- 
ture passes  to  the  cylinder  through 
a  non-return  valve,  as  in  the  gas 
engine.  To  counteract  the  vibra- 
tions of  the  automatic  admission 
valve,  a  quieting  piston  is  placed 
beneath  it.  The  ignition  tube  has 
no  timing  valve,  and  is  only  red 
hot  at  its  further  end.  Before  the 
dead  point  is  reached,  a  small  valve 
opens  communication  between  it 
and  the  outer  air,  and  the  products 
of  combustion  are  discharged.  The 
valve  then  closes,  the  fresh  com- 
pressed mixture  in  the  cylinder 
comes  in  contact  ^ith  the  red-hot  portion  of  the  tube,  and  a  per- 
fect explosion  is  said  to  be  the  result.  The  lamp  for  heating  the 
vaporiser  and  ignition  tube  is  so  arranged,  that  the  pipe  conveying 
the  oil  to  it  is  carried  through  the  flame.  It  is  kindled  at  starting 
by  a  piece  of  asbestos  soaked  in  spirit,  and  alterwards  by  an 
ordinary  wick  fed  with  oil  vapour.  The  exhaust  is  the  only  valve 
driven  by  gearing. 

The  speed  is  regulated,  as  in  the  gas  engine,  by  a  momentum 
governor  acting  on  a  knife  edge,  if  the  normal  speed  is  exceeded, 
the   governor   interposes  the  knife  below  the  lever  opening  the 
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exhaust^  and  keeps  it  open.  Since  no  compression  can  take  place, 
no  charge  is  admitted.  The  automatic  admission  valve  is  connected 
to  the  valve  shaft  above  by  two  springs.  If,  during  the  opening  of 
the  exhaust,  the  valve  shaft  is  held  fixed  in  a  high  position,  the 
stronger  of  the  two  springs  does  not  allow  the  automatic  valve 
to  rise,  and  the  admission  is  cut  oS, 

Large  engines  are  governed  by  varying  the  quality  of  the 
charge.  For  benzine  or  ordinary  oil  the  Koerting  is  made  from  ^ 
to  30  H.P.,  and  runs  at  320  to  160  revolutions  per  minute.  It  is 
often  driven  with  solar  oil  distilled  from  German  brown  coal,  and 
with  light  spirit^  which  is  also  manufactured  in  the  country. 
Several  motors  to  work  with  benzine  have  been  supplied  to  Baku 
in  the  Caspian  oU  district.     For  a  test  see  No.  68,  Table  8. 

Iiangensiepen  (Liide-Yulcan,  1891). — A  petroleum  engine,  con- 
structed by  Langensiepen,  of  Magdeburg,  and  designed  by  Herr  v. 
Lude,  has  been  tested  by  Professor  Schottler.  It  is  a  horizontal 
four-cycle  motor,  self-contained,  with  hot-tube  ignition.  The 
admission,  distribution,  and  exhaust  valves  and  oil  pump  are 
worked  by  cams  and  levers  from  the  auxiliary  shaft,  driven  from 
the  crank  shaft  by  spur  wheels.  Formerly  this  shaft  actuated  the 
valves  through  a  horizontal  double-armed  lever  above  the  cylinder, 
at  right  angles  to  the  crank  shaft,  one  end  of  which  worked  the  oil 
pump  and  admission,  and  the  other  the  exhaust ;  the  two  shafts 
are  now  parallel.  The  ball  governor  is  fixed  upon  the  crank  shaft 
inside  the  driving  pulley,  and  acts  by  cutting  out  the  number  of 
explosions.  If  the  speed  be  too  great,  it  pushes  forward  a  pro- 
jection, which  catches  the  lever  of  the  admission  valve.  Thus  the 
valve  is  not  raised,  the  oil  pump  is  also  thrown  out  of  action,  and 
no  charge  enters  the  cylinder. 

The  most  ingenious  parts  of  this  engine  are  the  methods  of  con- 
veying the  oil  to  the  vaporiser,  and  the  lamp.  The  oil  descends  by 
gravity  from  a  petroleum  tank  above  the  cylinder,  and  passes 
through  the  suction  valve  of  the  oil  pump,  worked  by  the  auxiliary 
shaft,  which  also  regulates  the  descent  of  the  little  plunger  piston. 
The  stroke  of  the  pump  is  always  the  same,  and  delivers  an  equal 
quantity  of  oil,  but  the  pump  communicates  with  two  delivery 
valves  and  pipes.  One  opens  a  passage  back  to  the  oil  reservoir 
above.  The  other  has  a  nozzle  attached,  through  which  a  certain 
quantity  of  oil  is  injected  into  the  ■  ribbed  admission  passage, 
carried  over  the  flame  heating  the  ignition  tube,  and  thus  partly 
vaporised.  The  proportions  of  oil  sent  on  to  the  vaporiser  and 
motor  cylinder,  and  returned  to  the  reservoir,  are  determined  by 
the  adjustment  of  a  screw  in  the  plunger  of  the  oil  pump ;  the 
stroke  is  regulated  by  moving  a  handle.  Air  enters  at  the  same 
time,  the  valve  being  worked  by  the  same  lever.  The  oil  is 
sprayed  into  the  air,  broken  up  by  striking  against  the  seat  of 
the  valve,  and  the  two  pass  to  the  vaporiser,  a  bent  tube  of 
large  diameter,  unjacketed,  having  a  baffle  obstruction  in  the  bend. 
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and  open  on  one  side  to  the  cylinder,  on  the  other  to  the  ignition 
tube  without  a  timing  yalve.  This  system  of  what  may  be  called 
a  double  yaporiaer — before  and  behind  the  admission  valve — is  said 
to  ensure  perfect  vaporisation  of  the  oil,  and  to  make  the  engine 
work  quietly  and  smoothly.  At  starting,  the  ignition  tube  and 
vaporiser  are  heated  by  a  lamp  with  two  wicks,  fed  from  a  separate 
reservoir  of  petroleum  spirit.  Both  wicks  are  lit,  but  as  soon  as  the 
engine  is  at  work  the  }amp  is  drawn  back,  one  flame  extinguished, 
and  the  other  only  heats  a  certain  part  of  the  ignition  tul^  The 
lamp  consists  of  a  coil  of  pipes,  in  which  the  petroleum  is  converted 
into  gas  by  the  heat  of  the  flame ;  the  amount  of  oil  passing  into  it 
at  a  time  is  regulated  by  a  screw  valve,  and  it  is  said  to  bum  with 
ver?  little  carbon  deposit. 

The  engine  runs  at  a  high  speed,  in  the  small  motors  €00 
revolutions  per  minute.  In  the  6*7  I.H.P.  motor,  tested  by 
Professor  Sch5ttler,  the  consumption  of  oil  was  1*1  lb.  per  B.H.P. 
hour  (see  Test,  No.  49,  Table  8).  In  the  two  engines  exhibited  at 
the  Berlin  trials,  the  oil  and  air  admission  valves  were  both 
automatic,  and  connected  to  each  other ;  the  oil  was  sprayed  by  a 
current  of  air  into  the  vaporiser,  and  the  governor  acted  on  the 
exhaust.  In  the  portable  engine,  the  pressure  of  the  exhaust  gases 
was  utilised  to  draw  a  current  of  fresh  air  through  the  cooling 
water  tank.  It  was  shown  at  the  Frankfort  Exhibition  of  1891, 
and  the  author  saw  it  working  well  at  the  high  speeds  given.  It 
was  also  exhibited  at  Brussels  in  1897.  The  manufacture  of  the 
engine  has  now  been  taken  up  by  Saiirer's  Sohne  at  Arbon,  on 
the  Lake  of  Constance,  who  showed  several  well-designed  engines  at 
Geneva  in  1896.  A  30  H.P.  engine  had  a  cylinder  diameter  of 
16*5  inches  and  16*7  inches  stroke,  and  a  speed  of  160  revolutions 
per  minute.  The  lamp  carried  several  wicks,  to  regulate  the  heat 
of  the  vaporiser.  A  70  H.P.  tandem  horizontal  oil  motor  is  also 
made  by  this  firm.  The  engine  is  fully  illustrated  in  Zeitschrift 
de$  Vereinei  deuUeher  Ing^ieure,  August  29,  1891,  and  June  12, 
1897. 

The  Berliner  Maschinen-Bau  G'esellschaft  (late  Schwartz- 
kopfif)  were  one  of  the  earliest  firms  to  bring  out  a  petroleum 
engine  on  Kaselowsky's  patent  (see  also  the  '*  Rocket "  oil  engine, 
p.  345).  The  vaporiser,  which  is  shaped  like  a  vertical  tubular 
boiler,  is  at  the  side  of  the  cylinder,  and  is  heated  at  first  by  a 
lamp,  afterwards  by  the  exhaust  gases.  Petroleum  is  admitted 
through  an  automatic  valve  from  a  receiver  above,  and  sprayed  by 
a  current  of  air  into  the  vaporiser.  The  gases  of  combustion  pass 
through  the  tubes  of  the  vaporiser,  the  petroleum  circulates  round 
them,  and  is  completely  converted  into  vapour  before  the  gases  are 
discharged.  It  is  then  conveyed  to  a  chamber  at  the  back  of  the 
cylinder,  and  mixed  with  more  air  in  the  admission  valve.  The 
charge  is  fired  by  a  tube  with  a  timing  valve,  driven,  like  all  the 
other  valves,  by  cams  and  levers  from  a  side  shaft  geared  2  to 
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1    to  the  main  shaft.     To  regulate  the  speed  the  governor  closes 
the  oil  valve. 

Eappel. — This  firm  make  engines  to  work  either  with  petroleum 
or  benzine,  and  exhibited  an  oil  motor  at  Antwerp  in  1894.  The 
oil  in  this  engine  is  conveyed  from  a  receiver  above  to  the  vaporiser, 
through  a  small  pump  driven  from  the  valve  shaft.  The  pump  acts 
during  the  explosion  stroke,  and  time  is  thus  allowed  for  the  com- 
plete vaporisation  of  the  oil  during  the  three  following  strokes. 
The  vaporiser  and  ignition  tube  are  heated  by  a  small  lamp,  and 
&re  enclosed  in  a  chamber  at  the  back  of  the  cylinder.  In  the 
benzine  engines  electric  ignition  is  sometimes  used,  because  of  its 
greater  safety.  The  exhaust  and  air  valves  and  petroleum  admission 
valve  are  all  worked  by  cams  from  the  valve  shaft.  The  ball 
governor  acts  upon  the  oil  valve,  and  closes  it  if  the  normal  speed 
is  exceeded,  and  also  checks  the  admission  of  oil  to  the  vaporiser. 
The  oil  pump  carries  two  small  pistons,  which  are  driven  to  and 
fro  in  a  slide  from  a  small  crank  on  the  valve  shaft.  One  piston 
moves  with  the  slide,  the  other  is  partly  free,  and  only  acts  during 
a  portion  of  the  stroke.  By  an  ingenious  arrangement  the  pistons 
draw  the  oil  into  the  little  pump  cylinder,  and  press  it  out  between 
them,  when  they  come  together,  into  the  pipe  leading  to  the 
vaporiser.  The  governor  interposes  a  bar  between  these  pistons  if 
the  engine  is  running  too  fast,  and  no  oil  enters. 

The  Bielefelder  Maschinen-Fabrik  (Diirkopp)  have  shown 
oil  engines  at  several  exhibitions.  At  Berlin  the  consumption 
was  10  lb.  per  B.H.P.  hour  (Test  No.  35,  Table  8) ;  in  the  portoble 
engine  the  water  in  the  jacket  was  circulated  by  a  small  centrifugal 
pump.  The  benzine  used  is  of  0*70  specific  gravity.  It  is  con- 
tained under  pressure  in  a  receiver  below  the  horizontal  cylinder, 
and  supplies  the  engine,  the  lamp  for  the  hot  tube,  and  the  burner 
to  heat  the  vaporiser  at  starting.  The  pressure  is  maintained  by  a 
small  air  pump  driven  from  the  engine,  as  in  the  Priestman.  The 
oil  for  the  charge  passes  cold  through  a  sprayer  into  the  red-hot 
vaporiser,  where  it  is  evaporated,  the  air  being  carefully  excluded. 
It  is  then  mixed  with  air,  and  conveyed  to  the  cylinder,  the 
quantity  passing  to  the  vaporiser  being  regulated  by  a  ball  governor. 
The  vaporiser  is  above  the  exhaust  valve,  and  is  kept  hot  after  the 
engine  is  started  by  the  gases  of  combustion,  which  are  also  carried 
downwards  to  heat  the  incoming  air,  before  they  leave  the  engine. 
The  makers  lay  stress  upon  the  fact  that  the  light  oil  is  sprayed 
while  cold,  no  air  being  allowed  to  reach  it  during  the  process. 
The  engine  requires  no  lubricant  except  at  starting,  in  all  other 
respects  it  is  similar  to  the  Diirkopp  gas  engine.  It  is  made  single 
cylinder,  both  vertical  and  horizontal,  in  sizes  from  i^  to  8  H.P., 
and  runs  at  220  to  180  revolutions  per  minute.  It  may  also  be 
driven  with  ordinary  oil. 

Molitor    (1893). — An   oil   engine   has    been    brought    out   by 
Molitor  &  Co.,  Heidelberg,   of  the  usual   four-cycle   type,   both 
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▼ertical  and  horizontal.  The  oil  is  drawn  from  a  receivBr,  the 
level  in  which  is  maintained  uniform  by  a  float  in  the  lai^r 
enginen,  and  a  system  of  air  tubes  in  the  smaller ;  thus  the  quantity 
drawn  into  the  cylinder  by  the  suction  stroke  of  the  piston  is 
always  the  same.  The  exhaust  and  the  valves  admitting  the 
petroleum  to  the  air  passage,  and  the  charge  into  the  vaporiser,  are 
driven  by  levers  and  cams  from  a  side  shafb,  running  at  half  the 
speed  of  the  crank  shafL  The  admission  valve  is  not  solid  with 
the  levers  working  it,  but  connected  by  a  spring,  and  the  levers 
only  prevent  it  from  vibrating,  otherwise  it  is  automatic  In  this 
way  variations  in  the  amount  of  air  admitted  are  prevented,  and 
the  quantity  is  exactly  proportioned  to  the  pressure  in  the  cylinder. 
Below  the  air  passage  is  a  little  receiver,  to  carry  off  the  oil  refuses 
As  the  air  valve  rises  before  the  oil  valve,  a  current  of  air  is 
already  in  the  admission  passage  when  the  oil  is  injected.  The 
Ignition  tube  is  heated  by  an  external  lamp,  and  has  no  timing 
valve,  the  compression  of  the  charge  producing  the  explosion.  If 
the  normal  speed  is  exceeded,  the  balls  of  the  governor  rise, 
throw  the  tappet  opening  the  oil  and  admission  valves  out  of 
gear,  and  only  a  small  quantity  of  air  enters.  The  engine,  a 
modification  of  the  Altmann,  is  made  single  cylinder,  vertical,  in 
sizes  from  1  to  6  B.H.P.,  with  a  speed  of  240  revolutions;  hori- 
zontal, 5  to  12  H. P.,  running  at  200  revolutions  per  minute;  and 
with  two  cylinders,  horizontal,  from  16  to  24  B.H.P. 

Seek  (Gnome). — This  vertical  oil  engine,  made  at  Oberursel,  and 
exhibited  at  Berlin,  where  it  was  commended  for  economy, 
resembles  the  Capitaine  in  several  respects,  and  especially  in  the 
method  of  vaporising  the  oil.  The  crank  and  motor  shaft  are 
below,  and  with  the  valve  gear  are  enclosed  in  a  chamber  partly 
filled  with  lubricating  oil,  into  which  the  connecting-rod  dips  at 
each  stroke,  and  scatters  it  over  the  working  parts.  The  cylinder 
is  above,  the  piston  acts  downwards,  and  the  air  enters  from  the 
top  and  at  the  side,  in  both  cases  through  automatic  valves.  The 
exhaust  is  driven  from  the  crank  shu^t  by  an  eccentric,  on  the 
circumference  of  which  is  a  worm  wheel  gearing  into  another 
of  twice  the  diameter ;  the  latter  carries  a  pin,  which  allows  the 
exhaust  valve  to  open  only  at  every  other  revolution.  The  centri- 
fugal governor,  also  on  the  crank  shaft,  drives  a  pulley  which, 
if  the  normal  speed  be  exceeded,  causes  a  pawl  to  catch  in  the 
spindle  of  the  exhaust  valve,  and  holds  it  open  until  the  speed  is 
reduced.  A  pump  worked  from  the  engine  sends  the  oil  under 
pressure  from  a  separate  receiver  into  a  small  vessel  above  the 
cylinder.  From  thence  it  is  drawn  through  an  injector  by  the 
suction  stroke  of  the  piston,  together  with  a  current  of  air  through 
an  automatic  valve,  into  the  vaporiser  at  the  side.  The  air  and 
oil  vapour  then  pass  to  the  compression  space  of  the  cylinder, 
where  the  charge  is  mixed  with  more  air  through  another  auto- 
matic valve.     The  compression  stroke  drives  it  back  into  the  red- 
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liot  ribbed  vaporiser,  and  causes  it  to  ignite,  as  in  the  Hornsby, 
Capitaine,  and  other  engines.  A  lamp  is  used  at  starting  to  heat 
the  vaporiser,  and  the  compression  is  so  adjusted  that  the  engine  can, 
it  is  said,  be  started  in  half  a  revolution  after  the  parts  are  heated. 
Special  care  is  taken  in  this  and  similar  motors  that  the  quantity 
of  air  first  admitted  is  insufficient  for  combustion,  otherwise,  the 
vaporiser  being  open  to  the  cylinder,  premature  ignition  might 
occur.  The  engine  is  made  vertical  only,  in  sizes  from  1  to  15 
H.P.,  and  runs  at  400  to  250  revolutions  per  minute. 

Benz. — The  Bheinische  Gas-Motoren  Fabrik  at  Mannheim 
exhibited  a  Benz  four-cycle  engine,  driven  by  light  petroleum  or 
naphtha  of  0*71  density,  at  Mainz,  in  1893.  The  naphtha  is 
contained  in  a  reservoir,  heated  in  cold  weather  with  hot  water 
at  starting,  or  by  the  exhaust  gases.  Air  is  drawn  into  the 
reservoir  and  through  a  layer  of  naphtha  by  the  suction  of  the 
motor  piston,  and  when  charged  with  inflammable  vapour  passes 
through  a  safety  valve  to  another  valve  admitting  it  to  the  mixing 
chamber.  Here  the  carburetted  vapour  is  diluted  with  more  air, 
and  the  charge  enters  the  cylinder  through  an  automatic  valve. 
At  the  end  of  the  compressioix  stroke  it  is  fired  by  an  ignition 
tube,  heated  by  a  small  naphtha  lamp.  The  admission  and  exhaust 
valves  are  driven  by  rods,  cams,  and  levers  from  the  crank  shaft. 
The  engine  is  governed  by  cutting  out  ignitions.  If  the  usual 
speed  is  exceeded,  the  ball  governor  acts  on  the  admission  valve 
lever,  and  holds  it  closed,  and  air  only  is  drawn  into  the  cylinder, 
until  the  speed  is  reduced.  As  the  engine  is  driven  by  light 
petroleum,  no  vaporiser  is  required.  The  consumption,  as  given 
by  the  makers,  is  about  1*1  lb.  oil  per  B.H.P.  hour,  with  a  4  H.P. 
engine.  This  firm  has  made  a  speciality  of  motors  for  road 
carriages.  A  3  H.P.  engine  is  sufficient  to  drive  a  carriage  seating 
four  people.  These  little  motors  have  no  governor,  the  speed 
being  regulated  by  the  driver.     Ignition  is  effected  electrically. 

The  Eonig  Friedrioh-Aiigust  Hiitte  oil  engine,  made  near 
Dresden,  is  a  horizontal  four-cycle  motor  of  the  ordinary  type,  and 
was  tested  at  Berlin.  The  oil  is  sent  by  a  pump  through  a  slide 
valve  to  the  vaporiser,  where  it  is  completely  evaporated.  Air 
enters  through  an  automatic  valve,  and  passes  with  the  oU  vapour 
through  a  mixing  valve,  driven  by  levers  and  an  eccentric  from  the 
crank  shaft.  Ignition  is  by  a  tube,  and  both  ignition  and  exhaust 
valves  are  worked  from  the  main  shaft.  The  ball  governor  acts  on 
the  oil  valve.  Another  small  engine  of  the  same  type  is  made  by 
Herbet,  of  Halle.  Ordinary  heavy  petroleum  is  used  to  drive  it, 
and  the  speed  is  regulated  by  a  pendulum  governor. 

Butzke. — A  small  vertical  4  H.P.  oU  engine,  made  by  the 
above  firm  at  Berlin,  and  resembling  the  Seek  in  design  and 
construction,  was  shown  at  the  Berlin  Exhibition.  The  oil  is 
sprayed  by  a  pump  into  a  current  of  air  drawn  in  through  an 
automatic  valve.       The  admission  valve  chamber  is  heated,  like 
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the  ignition  tube,  by  the  exhaust  gases  only.  This  is  said  by  the 
makers  to  be  sufficient  to  maintain  them  at  the  reqaired  tem- 
perature except  at  starting,  when  a  lamp  is  used.  The  gOTemor 
acts  on  the  oil  pump,  the  admission  valve  is  automatic,  and  the 
exhaust  driven  by  gearing  from  the  crank  shaft. 

The  B^elsberg  (1889)  petroleum   engine,  constructed   by   the 

Maschinea-Fabrik   Winterthur,   and   MM.    Nobel    Bros.,    of    St. 

Petersburg,  was  tested  at  Meaux  in  1894  (see  Table  7).     It  is  a 

carefully  designed  single-cylinder  motor  of  the  four-cycle    type, 

and  is  made  in  sizes  from  1  to  25  H.P.,  both  vertical  and  bori- 

sontal ;   it  runs  at  240  to   160  revolutions  per  minute.     In    the 

vertical  engine  the  oil  passes  by  gravity  from  a  reservoir  above, 

through  a  pump  driven  by  the  cam  shaft,  to  the  valve  chamber,  the 

stroke  of  the  pump  regulating  the  quantity.     The  air  is  drawn  in 

through  an  automatic  valve  lifted  by  the  vacuum  in  the  cylinder, 

which  thus  determines  the  quantity  admitted.     The  speed  of  the 

air  is  sufficient  to  spray   the  petroleum,  and  the  latter  is   also 

broken   up  by  &lling  over  a  cone  into   the  vaporiser  below,  a 

vertical  cylindrical  tube  with  a  jacket  through  which  the  hot  gases 

circulate  from  a  lamp  heating  the  ignition  tube.     As  the  gases 

ascend,  while  the  oil  is  carried  down  through  the  vaporiser  by  the 

current  of  air,   complete   and   rapid   vaporisation  is  said  to   be 

obtained    by  means  of  contrary  currents,  a  principle   utilised   in 

several  German  engines.     The  vaporised  charge  is  then  admitted 

to  the  cylinder  through  a  valve  worked  by  levers  and  cams  from 

the  auxiliary  shaft,  the  valve  aperture  being  so  adjusted  that  the 

mixture  (lasses  freely  to  the  cylinder.     Ignition  is  by  a  small  brass 

tube  without  a  timing  valve,  heated  by  a  lamp  which  also  heats  the 

vaporiser,  and  is  usually  fed  by  a  branch  pipe  from  the  main  oil 

supply.     The  small  oritice  of  the  tube  prevents  ignition  till  the 

end  of  the  compression  stroke.     The  oil  pump  is  connected  to  the 

admission,   but  acts   for  a  shorter  time  per  stroke,  to  ensure  a 

sufficient  supply  of  air  through  the  automatic  valve  to  break  it  up 

thoroughly.     The  ball  governor  is  on  the  crank  shaft,  and  acts 

upon  the  exhaust,  holding  the  valve  open  if  the  normal  speed  be 

exceeded.    At  the  same  time  a  lever  is  shifted,  the  admission  valve 

and  oil  pump  are  thrown  out  of  gear,  the  automatic  air  valve  does 

not  act,   because  there  is   no   vacuum  in  the  cylinder,   and   no 

mixture  enters. 

In  the  vertical  5*2  B.H.P.  engine  exhibited  at  Meaux  the  con- 
sumption was  0*84  lb.  per  B.H.P.  hour,  at  a  speed  of  226  revolu- 
tions per  minute.  Experiments  made  in  St.  Petersburg  on  a  3| 
H.P.  motor,  showed  a  consumption  of  1*1  lb.  per  H.P.  hour  of  oil 
of  0*82  density.  Russian  oil  is  used  by  preference  in  this  engine, 
especially  that  of  the  Nobel  brand.  About  800  motors  have  been 
made ;  the  author  has  seen  several  at  work. 

For  some  years  the  well-known  firm  of  Nobel,  in  St.  Petersburg, 
have  been  making  portable  oil  engines  of  their  own  design.     In 
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these  the  exhaust,  admission,  and  oil  valves  are  all  connected,  and 
when  the  centrifugal  governor  acts  upon  the  former  all  three  are 
held  closed.  The  oil  is  drawn  under  pres^tire  from  a  receiver  by  a 
plunger  pump,  worked  by  levers  from  the  valve  shaft.  The 
descent  of  the  piston  closes  the  opening,  and  forces  the  oil  through 
another  valve  into  the  air  chamber,  where  the  level  is  maintained 
constant  by  a  float,  and  the  pressure  is  always  uniform.  Any 
excess  of  oU  sent  by  the  pump  is  returned  to  the  receiver.  The  oil 
then  passes  to  the  admission  valve  of  the  engine,  which  is  mechani- 
cally driven.  A  small  rotary  pump  circulates  the  cooling  water. 
The  consumption  of  oil  in  an  8  B.H.P.  engine  was  1*4  lb.  per 
B.H.P.  hour,  the  oil  having  a  specific  gravity  of  0*81. 

The  SachBenburger  Masohinen-Fabrik  make  a  petroleum 
engine  on  Bottger's  patent,  and  a  6  H.P.  motor  was  shown  at 
Erfurt  in  1894.  It  is  of  the  usual  four-cycle  type,  with  exhaust 
and  admission  valves  worked  from  an  auxiliary  shaft.  The  ignition 
tube,  without  a  timing  valve,  is  heated  by  a  lamp  which  also 
maintains  the  vaporiser,  placed  immediately  above  it,  at  a  high 
temperature.  The  valves  admitting  the  oil  and  air  to  the  vaporiser 
are  automatic,  but  cannot  rise  until  the  compression  valve  (or 
valve  through  which  the  charge  passes  to  the  cylinder)  is  lifted  by 
levers  and  cams  from  the  side  shaft.  As  soon  as  the  vaporised  oil, 
mixed  with  a  due  proportion  of  air,  enters  the  cylinder  from  the 
vaporiser  through  this  valve,  the  latter  closes,  and  during  the 
return  compression  stroke  the  charge  is  driven  into  the  tube  and 
ignited,  but  is  not  allowed  to  come  in  contact  with  the  flame.  The 
pendulum  governor  upon  the  side  shaft  opens  the  admission  valve 
at  each  revolution  of  this  shaft.  If  the  normal  speed  is  exceeded 
it  acts  on  the  graduated  method,  and  regulates  the  quantity  of  oil 
admitted,  and  hence  the  richness  of  the  charge,  in  accordance  with 
the  power  required.  The  engine  is  made  horizontal  with  one 
cylinder  from  ^  to  6  B.H.P.,  with  two  cylinders  up  to  50  B.H.P. 
A  vertical  type  is  constructed  for  boats  only.  It  is  also  built  as  a 
portable  motor  two-cycle,  giving  an  explosion  every  revolution,  and 
in  sizes  from  ^  to  12  B.H.P.  The  speed  is  220  to  108  revolutions 
per  minute. 

In  the  Janusohek  engine,  made  at  Schweidnitz,  to  work  with 
benzine  or  ordinary  petroleum,  the  charge  is  usually  fired  by  an 
electric  spark.  In  the  smaller  vertical  sizes  the  admission  valves 
for  oil  and  air  are  lifted  automaticallv  by  the  vacuum  in  the 
cylinder,  and  the  exhaust  opened  by  an  eccentric  from  the  crank 
shaft.  The  pendulum  governor  acts  on  the  latter,  and  holds  it 
open,  if  the  speed  is  too  great.  The  exhaust  gases  are  led  through 
the  benzine  receiver,  to  heat  it ;  the  engine  has  no  water  jacket. 
When  ordinary  petroleum  is  us^d,  the  oil  is  vaporised  in  a  chamber 
heated  by  the  same  lamp  as  the  ignition  tube.  All  the  valves  of 
the  larger  motors  are  mechanically  driven.  The  piston  of  the  small 
oil  pump,  worked  from  the  motor  piston,  alternately  covers  and 
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opens  communication  with  ports  leading  to  the  cylinder^  and  thus 
regukites  the  quantity  of  oil  delivered  per  stroke  to  the  vaporiser. 
The  governor  acts  on  it  if  the  speed  is  too  great,  and  the  latter  can 
be  varied  while  running.  For  larger  powers  the  horizontal  type  is 
preferred,  and  the  air,  oil,  and  exhaust  valves  are  driven  by 
eccentrics.  The  pendulum  governor  acts  upon  the  air  admission 
valve,  and  throws  it  and  the  oil  valve  out  of  gear,  if  the  normal 
speed  is  exceeded.  A  vertical  portable  2  H.P.  and  stationary 
4  H.P.  engines  were  shown  at  Berlin. 

The  firm  of  Bechatein  in  Altenburg,  make  horizontal  and 
vertical  four-cycle  engines  for  use  with  either  benzine  or  heavy 
petroleum.  The  valves  are  driven  ^y  cams  from  the  lay  shaft  in 
the  usual  way.  With  the  lighter  oil  no  vaporiser  is  required; 
the  benzine  is  drawn  from  an  air-tight  receiver,  through  which  a 
blast  of  air  regulated  by  the  suction  stroke  of  the  motor  piston  is 
passed.  The  air  becomes  saturated  with  the  benzine  in  its  passai^e, 
and  the  explosive  charge  is  thus  generated  per  stroke  as  required. 
The  receiver  is  filled  at  starting  by  means  of  a  small  pump ;  the 
consumption  of  benzine  is  said  to  be  about  1  lb.  per  H.P.  hour. 
When  ordinary  petroleum  is  used,  a  small  quantity  is  regularly 
drawn  per  stroke,  and  sent  to  the  vaporiser  from  the  receiver  by  a 
little  plunger  pump.  The  vaporiser  is  heated  by  a  flame  below  it, 
and  serves  also  to  fire  the  charge  formed  by  mixing  the  oil  vapour 
with  air,  and  compressing  it  by  the  next  in  stroke  of  the  piston. 
The  engine  is  made  horizontal  only  to  work  with  benzine,  in  sizes 
from  2  to  20  B.H.P.,  and  for  heavy  oil,  both  vertical  and  horizontal, 
in  the  same  sizes.  Tbe  speed  is  from  180  to  160  revolutions  per 
minute. 

Hermann. — A  horizontal  oil  engine  of  the  ordinary  four-cycle 
type  is  made  by  Hermann  of  Leipzig.  Through  a  small  pump, 
driven  by  a  rod  and  wheel  from  an  eccentric  on  the  crank  shaft, 
the  oil  is  delivered  to  the  admission  valve,  and  sprayed  into  the 
vaporiser  by  a  current  of  air  drawn  in  through  an  automatic  valve 
at  the  bottom  of  the  cylinder.  The  vaporiser  and  ignition  tube  are 
heated  by  a  lamp.  The  exhaust  is  opened  from  the  same  eccentric, 
by  rods  and  a  cam  acting  on  a  roller.  The  speed  is  regulated  by 
a  pendulum  governor  on  the  admission  rod.  This  rod  carries  a 
grip  which  slides  up  and  down  and  opens  the  oil  pump,  and  the 
governor  is  held  against  it  by  a  spring,  the  tension  of  which  is 
regulated  by  the  speed.  If  the  normal  number  of  revolutions  is 
exceeded  the  governor  throws  the  oil  pump  out  of  gear,  and  holds 
the  exhaust  open  until  the  speed  is  reduced.  The  engine  is  driven 
with  ordinary  petroleum  only. 

MM.  Esoher,  Wysa  &  Co.,  of  Kavensburg  and  Zurich,  are  also 
makers  of  engines  driven  with  ordinary  petroleum.  By  the  suction 
of  the  piston  the  oil  is  drawn  under  pressure  from  a  reservoir 
in  the  base,  through  an  automatic  valve  and  a  nozzle,  into  the 
vaporiser,  together  with  a  current  of  air  from  a  vessel  surrounding 
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the  exhaust.  It  then  passes  to  the  ignition  channel,  where  it  is 
mixed  with  more  air  admitted  through  a  valve,  driven,  like  the 
exhaust  and  ignition  valves,  by  cams  from  a  side  shaft,  at  half 
the  speed  of  the  crank  shaft.  At  the  end  of  the  compression 
stroke  the  charge  is  fired.  The  ball  governor,  placed  above  the 
side  shaft,  holds  the  exhaust  valve  open  and  the  admission  closed, 
if  the  normal  speed  be  exceeded.  The  vaporiser  and  ignition  tube 
are  both  heated  by  the  same  lamp. 

Hille. — The  Dresdener  Gas-Motoren  Fabrik  (Hille's  patent) 
have  frequently  exhibited  oil  engines  in  sizes  varying  from  1  to 
8^  B.H.P.,  and  a  stationary  and  portable  engine  at  Berlin ;  they 
have,  they  say,  3000  of  their  oil  and  gas  motors  at  work.  Like 
many  other  German  firms  they  make  two  classes  of  oil  engines, 
for  use  with  heavy  petroleum  and  benzine.  Ignition  is  by  tube 
with  the  petroleum,  and  electricity  with  the  benzine  motors.  In 
the  former  the  oil  falls  from  a  receiver  above  to  a  double-seated 
automatic  valve.  As  this  valve  is  lifted  by  the  pressure  in  the 
cylinder,  it  allows  a  current  of  air  to  enter,  and  carries  with  it 
the  small  valve  admitting  oil  through  a  nozzle  or  holes  into  the 
valve  chamber  below.  The  latter,  which  also  serves  as  the 
vaporiser,  is  placed  immediately  over  the  ignition  tube,  and  both 
are  heated  by  the  same  lamp.  The  charge  of  oil  vapour  and  air 
pass  thence  to  the  cylinder  through  the  admission  /alve,  upon 
which  the  governor  acts  by  a  hit-and-miss  arrangement,  to  regu- 
late the  speed.  Usually  the  admission  valve  is  opened  from  an 
intermediate  shaft  running  at  half  speed,  by  a  cam  and  levers 
which  act  on  a  collar  and  knife  edge  sliding  up  and  down  the 
valve-rod.  If  the  proper  speed  is  exceeded,  the  governor  brings 
another  projection  into  play,  and  causes  the  knife  edge  to  miss 
the  opening  of  the  valve.  The  admission  and  exhaust  valves 
are  held  on  their  seats  by  springs,  the  exhaust  being  the  weaker 
spring  of  the  two.  If  the  admission  is  held  closed  by  the  governor, 
the  exhaust  is  automatically  lifted  by  the  pressure  in  the  cylinder, 
and  only  burnt  products  are  re-introduced  until  the  speed  is 
diminished.  In  another  method  the  governor  interposes  the 
knife  blade  below  the  exhaust  valve-rod,  and  thus'  prevents  it 
from  closing.  A  second  cam  on  the  intermediate  shaft  holds  open 
the  exhaust  during  the  compression  stroke,  when  starting  the 
engine.  In  a  second  vertical  type  the  air  and  oil  are  introduced 
in  the  same  way  as  in  the  Capitaine  and  the  Seek.  A  small 
quantity  of  oil  is  sent  by  a  pump,  together  with  a  little  air,  into 
the  vaporiser,  a  horizontal  chamber  heated  by  a  lamp,  at 
the  side  of  and  open  to  the  cylinder.  More  air  is  added  through 
an  automatic  valve  at  the  top,  and  it  is  the  addition  of  this  air 
which  renders  the  charge  inflammable.  The  next  compression 
stroke  drives  the  mixture  back  into  the  vaporiser,  where  it  is 
fired,  and  the  usual  cycle  carried  out 

In  the  benzine  motor  the  volatile  oil  is  vaporised  in  an  apparatus 
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•imilar  to  that  in  the  Deati>Otto  engine,  thown  at  Fig.  136.  A 
smali  pump  ia  used  to  fill  the  reoeiver,  and  air  is  drawn  through  it 
by  the  suction  of  the  piston,  and  passee  to  the  engine  saturated 
with  oil  vapour.  The  mixture  requires  to  be  further  dilated  with 
air  before  the  charge  is  fit  for  use.  Safety  valves  and  wire  gauze 
prevent  the  flame  from  striking  back  to  the  receiver,  and  the 
carburetted  air  is  also  drawn  through  a  layer  of  pebbles  on  its  way 
to  the  motor.  The  receiver  is  heated  by  hot  water  at  starting,  azul 
the  exhaust  gases  can  also  be  utilised  for  this  purpose,  if  neoessarr. 
The  engine  is  made  horizontal  for  ordinary  oil,  in  sizes  from  1  to  60 
H.Pm  vertical  from  1  to  16  H.P.,  and  for  benzine  up  to  12  H.P. 
horizontal  only,  and  runs  at  350  to  180  revolutions  per  minute. 
The  portable  type  is  made  from  2  to  12  H.P.  (see  Tests,  Koa36 
and  47,  Table  8). 

Liitsky. — The  benzine  motor  made  by  the  Maschinen-Geselischaf^ 
Nuremberg  is  the  same  as  the  Lutzky  gas  engine,  with  the  addition 
of  a  vaporiser.  Contrary  to  the  usual  practice  in  motors  working 
with  light  petroleum,  the  benzine  is  conveyed  to  the  engine  in  a 
liquid  state,  and  evaporated  per  stroke  as  required,  instead  of  being 
used  to  charge  the  air  in  a  separate  receiver.  This  arrangement  is 
said  to  be  safer  than  the  general  working  method.  The  vertical 
cylinder  with  crank  shaft  below  is  shown  at  Fig.  134.  6  is  the 
ignition  tube  heated  by  a  small  lamp,  L  the  admission  valve;  the 
l^nzine  for  the  lamp  and  engine  flows  from  a  receiver  above.  The 
suction  of  the  piston  draws  air  through  valve  L  from  the  pipe 
above,  in  the  direction  of  the  arrows.  The  small  passages  round 
the  seat  of  the  valve  are  always  full  of  oil,  but  none  can  pass  to  the 
cylinder  until  the  valve  is  lifted,  when  the  pressure  of  air  forces  it 
forward.  From  thence  it  is  injected  through  fine  openings  at  y  on 
to  a  small  wheel  with  vanes,  inside  the  mixing  chamber,  which 
being  kept  in  rapid  motion  by  the  current  ot  air  catches  the 
benzine  as  it  falls,  sprays  it  into  the  air,  and  thoroughly  mixes 
them.  The  charge  then  enters  the  cylinder,  and  is  compressed, 
ignited,  and  discharged  in  the  usual  way.  The  admission  valve  is 
worked  by  cams  and  levers  from  a  side  shaft,  and  acted  on  by  a 
pendulum  governor,  which  opens  it  or  not,  according  to  the  speed* 
The  exhaust  valve  shown  to  the  right  in  Fig.  134  is  driven  in  the 
same  way.  The  governor  consists  of  a  fixed  and  a  swinging  lever. 
At  ordinary  speeds,  a  projection  on  the  swinging  lever  tits  into  a 
cam  on  the  side  shaft,  but  if  the  engine  is  running  too  quickly,  the 
swing  of  the  pendulum  causes  the  projection  to  miss,  and  the 
admission  valve  remains  closed.  Sometimes  the  admission  valve  is 
driven  from  the  motor  shaft  by  a  small  crank  acting  on  a  cam.  A 
groove  in  the  rods  opening  this  valve  fits  into  the  cam  at  every 
other  revolution,  while  the  rods  at  alternate  times  swing  free,  and 
the  valve  remains  dosed.  This  arrangement  serves  also  to  regulate 
the  speed,  by  causing  the  groove  and  cam  to  miss,  if  the  engine  is 
running  too  iast.     As  in  the  Nuremberg  gas  engine,  there  is  a 
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Fig.  134. — Nuremberg-Lutzky  Oil  Engine. 
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groove  in  the  inner  cylinder  wall  at  r  to  catch  the  lubricating  oil, 
carry  it  off  to  /^  and  prevent  it  from  clogging  the  piston.  In  the 
6  B.H.P.  engine  exhibited  at  Erfurt  the  consumption  was  0-88  lb. 
of  oil  per  B.H.P.  hour,  and  the  engine  ran  at  IdO  revolutions  i>er 
minute. 

Deuts-Otto  (1890-99).^The  German  firm  at  Deutz  make  two 
types  for  use  with  benzine  of  0  70  specific  gravity.  A  drawing  of 
the  carburator  is  shown  at  Fig.  136.  The  benzine  is  introduced 
through  a  filter  into  the  receiver,  which  is  heated  by  a  hot-water 
jacket ;  in  cold  weather  the  exhaust  gases  are  also  carried  through 
the  bottom  of  the  receiver,  to  warm  it.  The  level  of  oil  is  main- 
tained constant  by  the  float.  Air  sucked  in  by  the  outstroke  of 
the  piston  enters  the  receiver  as  shown,  and  is  drawn  up  from  the 
bottom  of  the  liquid  through  a  nozzle,  to  divide  and  saturate  it  as 
completely  as  poesibla  From  hence  the  carburetted  vapour  is 
conveyed  to  the  cylinder  through  a  vessel  filled  with  pebbles  to 
cleanse  it,  and  return  and  safety  valves  prevent  the  flame  from 
striking  back.  A  wire  sieve  is  fixed  in  the  air  tube  with  the  same 
object,  and  a  cock  regulates  the  pressure  of  air  in  the  receiver. 
Mixed  with  more  air  drawn  from  the  base  of  the  engine,  the  charge 
is  then  admitted  to  the  cylinder  through  an  automatic  valve,  and 
the  usual  cycle  carried  out  Electric  ignition  is  used,  the  spark 
being  produced  by  interrupting  the  current  from  a  small  dynamo, 
by  means  of  a  cam  on  the  distributing  shaft.  This  method  is  much 
employed  in  Germany  for  benzine  engines,  on  account  of  its  greater 
safety  with  these  inflammable  gases.  The  benzine  motor  is  made 
in  sizes  from  1  to  12  H.  P.  and  runs  at  230  to  180  revolutions  per 
minute. 

In  the  Otto  petroleum  engines,  in  which  oil  of  0*80  to  0*85 
specific  gravity  is  used,  the  lamp  for  heating  the  tube  and  vaporiser 
is  fed  by  oil  vapour  from  the  receiver.  The  oil  is  drawn  from  a 
reservoir  above,  in  which  its  level  is  kept  constant,  to  the  mixing 
chamber,  where  it  is  sprayed  through  a  nozzle  into  a  current  of 
warm  air.  From  thence  the  mixture  passes  to  the  vaporiser,  a  kind 
of  cylindrical  jacket  over  the  ignition  tube,  is  evaporated  against 
the  hot  walls,  and  enters  the  cylinder  through  an  admission  valve 
driven  by  a  cam  from  the  side  shaft,  and  acted  on  by  the  governor. 
In  a  vertical  type  lately  introduced  for  use  with  petroleum  or  gas, 
there  is  neither  side  shaft,  cams,  nor  wheels.  No  timing  valve  is 
required,  the  compression  in  the  cylinder  sufficing  to  determine  the 
moment  of  ignition.  All  the  valves  are  automatic  except  the 
exhaust,  which  is  driven  by  an  eccentric  from  the  crank  shaft.  To 
prevent  the  valve  opening  at  every  revolution  instead  of  every 
other  revolution,  an  elastic  membrane,  acted  on  by  the  pressure  in 
the  cylinder,  connects  the  exhaust  valve  to  the  eccentric.  During 
the  compression  stroke  the  pressure  sucks  forward  the  membrane, 
and  the  valve  is  held  closed.  The  heat  of  the  explosions,  and 
that  of  the  lamp  heating  the  ignition  tube  are  sufficient  to  maintain 
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the  vaporiser  above  at  a  suitable  temperature.  In  the  latest  Deutz 
type  the  oil  is  injected  by  a  pump,  which  regulates  the  quantity 
admitted  to  the  vaporiser  per  explosion.  This  necessitates  a  second 
eccentric  on  the  crank  shaft,  set  in  motion  by  a  membrane  in  the 
same  way  as  the  exhaust  valve.  During  the  suction  stroke  of  the 
piston  the  membrane  draws  forward  a  hook  actuating  the  oil 
plunger  piston,  and  the  pump  sends  on  the  oU,  while  during  the 
exhaust  stroke  it  is  thrown  out  of  gear.  As  the  pump  works  only 
in  accordance  with  the  pressure  in  the  cylinder,  there  is  no  need  to 
regulate  the  supply  of  oil  by  the  governor,  and  the  latter  acts, 
therefore,  only  on  the  exhaust  valve.  In  the  4  H.P.  stationary 
engine  exhibited  at  Berlin,  the  oil  was  drawn  from  a  receiver,  and 
all  the  valves  were  worked  by  gearing.  The  10  H.P.  portable 
engine  had  a  pump,  which  sprayed  the  oil  into  the  air  coming 
through  an  automatic  valve ;  the  action  of  the  pump  and  admission 
valve  was  governed 
by  membranes.    The  sooiupermnn. 

consumption  of  oil 
was  0*96  lb.  per 
B.H.P.  hour,  and 
speed  297  revolu- 
tions per  minute. 
Fig.  135  gives  an 
indicator  diagram. 

The    Deutz    firm 
has       hfctely     mtro-  ^     136.— Otto-Petroleum  Engine, 

duced     a     benzine  Indicator  Diagram, 

locomotive    to     run 

on  rails  for  use  in  mines.  These  little  engines,  being  self- 
contained,  and  requiring  no  ropes  or  transmission  gear,  are  in 
considerable  request  for  underground  or  light  railways.  The  Otto 
oil  engines  are  made  single  cylinder,  horizontal  only,  from  1  to  30 
H.P.,  and  run  at  250  to  200  revolutions  per  minute.  A  larger 
type  is  from  35  to  80  H.P.,  and  a  speed  of  180  revolutions  per 
minute  is  attained.  Portable  engines  are  in  sizes  from  4  to  25  H.P., 
and  benzine  locomotives  from  5  H.P,  upwards.  Engines  to  work 
with  ordinary  petroleum  are  made  in  the  same  sizes  and  for  the 
same  speeds.  MM.  Langen  and  Wolf,  of  Vienna  and  Buda-Pesth, 
also  make  the  Otto  benzine  engine.  They  construct  horizontal 
motors  from  1  to  30  H.P. ,  in  which  the  charge  is  fired  by  elec- 
tricity, benzine  portable  engines  from  3  to  10  H.P.,  and  benzine 
locomotives  for  mines.  In  almost  all  German  motors  using  benzine, 
care  is  taken  to  exclude  the  air  until  the  t>il  reaches  the  cylinder. 

Several  trials  have  been  made  on  Otto  oil  engines.  In  1892 
Professor  Teichmann  tested  a  2  and  a  5  H.P.  motor,  in  which  the 
consumption  of  oil  was  about  1  lb.  per  B.H.P.  hour.  An  im- 
portant series  of  trials  was  carried  out  by  Herr  Meyer  at  Zurich 
in  1894  on  a  4  H.P.  Deutz  oil  engine.     The  air  for  combustion  was 
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measared  by  a  meter,  to  which  it  was  sent  through  a  small  fan 
driven  by  a  turbine,  as  in  Slaby's  experiments.  From  thence  it 
passed  to  the  engine,  its  temperature  in  and  out  of  the  meter 
being  taken.  The  quantity  of  petroleum,  of  jacket  water,  tem- 
perature of  the  latter  in  and  out,  temperature  of  the  exhaust  gases, 
and  the  volume  of  the  cylinder  and  compression  space,  were  all 
carefully   determined.       The  object  of  the   experiments   was   to 

ascertain  the  effect  of  the 
speed  and  of  the  richness 
of  the  charge— that  is,  the 
amount  of  oU  per  stroke 
— upon  the  work  as  shown 
by  the  indicator  diagrams, 
and  their  influence  upon 
the  moment  of  explosion 
and  speed  of  flame  pro- 
pagation. To  obtain  the 
best  results  from  the  most 
diluted  mixture  in  an  oil 
engine,  or,  in  other  words, 
the  maximum  efficiency 
with  the  minimum  con- 
sumption, Herr  Meyer  is 
of  opinion  that  it  is  neces- 
sary (1)  to  introduce  the 
petroleum  into  the  cylin- 
der in  exactly  equal  quan- 
tities per  stroke;  (2)  to 
vaporise  the  oil  under 
the  best  conditions;  (3)  to 
bring  a  fresh  and  highly 
explosive  mixture,  un- 
diluted with  the  burnt  products,  into  contact  with  the  ignition 
tube.  For  particulars  of  these  interesting  trials,  see  Ze%t9ektyi 
des  VereinM  deuUcher  Ing^nieu/re^  August  17  and  24,  1895.  Several 
tests  will  also  be  found  in  Tables  7  and  8. 

Oapitaino. — This  important  engine  was  one  of  the  first  to  use 
common  petroleum,  and  spontaneous  ignition,  or  firing  the  charge 
by  the  heat  in  the  cylinder  only.  The  patents  were  originally 
acquired  by  Messrs.  Orob  &  Co.,  of  Leipzig-Eutritsch,  who  have 
improved  it  in  several  respects,  and  are  said  to  have  made  the 
largest  number  of  oil  engines  in  Grermany.  Since  1891,  M. 
Capitaine  has  transferred  his  patents  to  Swiderski,  of  Leipzig,  but 
the  Orob  firm  have  continued  to  make  engines  on  the  same  lines, 
with  a  few  slight  modifications,  and  the  engine  is  known  as  the 
G  rob-Capi  taine. 

Like  the  gas  engine  of  the  same  name,  the  Capitaine  petroleum 
motor  differs  in  some  respects  from  others,  especially  in  the  oare 


Fig.  136.— Benzine  Carburator— Otto  Engine. 
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taken  to  stratify  the  charge  as  it  enters  the  cylinder.  The  same 
four-cycle  type  and  method  of  construction  have  been  adhered  to, 
as  shown  in  Fig.  137.  The  diameter  of  the  water-jacketed 
cylinder  is  larger  than  usual,  and  the  stroke  shorter.  The  admis- 
sion ports  are  so  designed  that  the  charge  enters  at  a  high 
pressure,  and  is  rapidly  expanded.      The  compression  chamber  is 


Fig.  137. — Grob-Gapitaine  Oil  Engine. 

conical.  In  both  the  gas  and  oil  engines  the  exhaust  valve  is 
worked  by  an  eccentric  on  the  crank  shaft  (compare  Fig.  81,  p.  150), 
and  in  the  petroleum  motor  the  oil  pump  is  also  driven  by  an 
eccentric.  A  valve  shaft,  worked  by  wheels  from  the  crank  shaft, 
co-operates  in  opening  the  exhaust  and  oil  pump,  acts  upon  the 
rod  of  the  exhaust  eccentric  during  the  compression  stroke,  and 
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prevents  it  from  reaching  the  exhaust  rod.  It  is  only  daring  the 
exhaust  stroke  that  both  act  together,  and  rapidly  lift  the  valve, 
the  pressure  being  thus  divided  between  the  two  cranks.  The  oil 
enters  the  suction  of  the  pump  by  gravity,  and  is  forced  upwards 
by  a  small  piston.  To  regulate  the  verv  minute  quantity  required 
per  stroke,  the  little  oil  pump  is  fillea  to  a  certain  height  with 
glycerine,  above  which  the  oil  floats.  The  centrifugal  governor  is 
carried  on  the  valve  shaft.  If  the  speed  is  too  great,  the  balls 
fly  out,  and  a  lever  is  interposed,  disconnecting  the  oil  pump  rod 
IW>m  that  on  the  valve  shaft  actuating  it  (Fig.  137),  until  the 
normal  speed  is  resumed.  Great  care  is  taken  in  adjusting  the 
contact  of  the  governor  with  the  levers. 

Above  the  lamp,  at  the  opposite  side  of  the  cylinder  to  the 
exhaust,  is  the  vaporiser,  in  which  the  charge  is  fired,  a  small 
bent  iron  tube,  occupying  the  same  position  as  the  ignition  tube  B, 
Fig.  81.  As  it  is  open  to  the  cylinder  without  a  timing  valve, 
and  the  air  is  admitted  automatically,  there  is  the  risk  of  pre- 
mature ignition,  minimised  in  this  engine  by  the  high  speed 
at  which  it  runs.  Instead  of  admitting  the  air  in  two  separate 
quantities,  first  to  break  up  the  oil,  and  a  larger  amount  to  render 
the  charge  inflammable,  the  whole  enters  the  cylinder  at  once, 
being  drawn  from  the  base  of  the  enffine  through  the  automatic 
valve  at  the  top.  It  is  then  divided,  part  passes  direct  to  the 
charging  or  clearance  space,  part  is  directed  by  a  projection  in  the 
neck  of  the  admission  passage  into  the  U-shaped  tube  of  the 
vaporiser.  Here  a  minute  quantity  of  oil  from  the  petroleum 
pump  is  injected  through  a  nozsle  into  the  current  of  air  and 
sprayed,  carried  with  much  force  through  the  red-hot  vaporiser, 
and  completely  vaporised.  The  speed  of  the  air  and  the  heat 
of  the  vaporiser  cause  all  the  petroleum  to  be  evaporated,  and  there 
is  said  to  be  no  heavy  deposit.  The  oil  vapour  and  air  issue  from 
the  lower  end  of  the  U-tube,  and  with  the  rest  of  the  air  are  com- 
pressed by  the  return  stroke  of  the  piston,  driven  up  against  the 
red-hot  walls  of  the  vaporiser,  and  fired,  the  heat  generated  by  the 
compression  stroke,  and  the  addition  of  air,  miScing  the  charge 
inflammable.  The  currents  of  air  are  said  to  form  a  non-explosive 
layer,  and  to  prevent  the  oil  vapour  from  reaching  the  red-hot 
vaporiser  until  the  dead  point. 

The  temperature  of  the  vaporiser  is  maintained  by  a  lamp 
beneath  it,  fed  with  oil  from  a  receiver.  This  lamp  is  provided 
with  a  long  bent  tube,  at  the  end  of  which  is  a  conical  burner  ;  the 
flame  of  the  burner  evaporates  the  oil  in  the  vaporiser  and  tuba 
In  the  earlier  oil  engines,  the  flame  also  played  upon  the  small 
ignition  tube,  but  it  was  accidentally  discovered  that,  after  running 
some  time,  the  engine  would  work  without  a  light,  and  all  ex- 
ternal lamps  are  now  dispensed  with,  except  at  starting.  In  the 
Swiderski  motors,  the  vaporiser  has  a  ribbed  external  surface  and 
inner  projections.     In  place  of  the  chimney  are  two  iron  capsules 
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with  asbestos  joints.  If  the  vaporiser  becomes  too  hot,  these 
expand  and  allow  the  external  air  to  enter,  and  act  upon  the  surface 
of  the  vaporiser.  The  temperature  of  the  vaporiser  is  also  some- 
times made  to  regulate  the  flow  of  oil  to  the  kmp.  The  cover  of 
the  vaporiser  is  held  against  it  by  a  spring,  and  on  the  slightest 
expansion,  due  to  overheating,  the  spring  acts  upon  a  membrane 
valve  in  the  oil  admission  pipe,  and  checks  the  supply.  To  start 
the  engine  the  exhaust  valve  is  held  open  during  the  compression 
stroke,  and  the  flywheel  turned  with  a  hand  crai:^,  which  falls  out 
of  gear  automatically  when  the  engine  is  at  work. 

The  Capitaine  engine  has  been  shown  at  most  Exhibitions  of 
late  years,  and  was  one  of  the  best  of  those  at  the  Berlin  trials, 
where  two  vertical  portable  engines  were  exhibited,  the  larger  of 
7*12  B.H.  P.,  consumed  1  '2  lb.  petroleum  per  B.H.P.  hour.  In  a  trial 
of  a  10*5  B.H.P.  engine  at  Leipzig,  in  1893,  the  oil  consumption  was 
1  lb.  per  B.H.P.  hour.  Several  tests  will  be  found  in  Tables  7 
luid  6.  The  engine  is  made  vertical,  single  cylinder,  in  sizes  from 
I  to  10  B.H.P.,  horizontal  from  10  to  25  B.H.P.,  and  runs  at  500 
to  180  revolutions  per  minute.  For  boats  two  cylinders  are  used. 
It  is  also  largely  made  as  a  portable  engine,  for  pumps  and 
many  other  purposes. 

Banki. — This  important  oil  engine,  constructed  by  Ganz  &  Co., 
of  Vienna  and  Buda-Pesth,  on  the  Binki-Czonska  system,  is 
extensively  used  in  Austria  and  Hungary,  especially  for  agri- 
cultural and  other  industrial  purposes.  It  is  of  the  usual  four- 
cycle type,  and  may  be  driven  with  either  benzine  or  ordinary 
petroleum.  In  this  motor  the  same  lamp  heats  the  vaporiser  and 
hot  tube ;  the  latter  is  open  to  the  cylinder  without  a  timing  valve. 
The  method  of  spraying  the  petroleum  is  original.  In  the  mixing 
chamber,  which  also  acts  as  a  vaporiser,  is  a  vertical  screw,  through 
the  centre  of  which  a  small  hole  is  pierced.  The  conical  base  of 
the  screw  abuts  on  the  funnel-shaped  termination  of  a  tube  filled 
with  oil  up  to  a  level  kept  constant  by  a  float.  Air  is  drawn  down 
through  the  central  hole  of  the  screw  by  the  suction  of  the  piston 
at  each  stroke,  and  the  oil  at  the  base  is  suddenly  sprayed  out  on 
either  side  through  a  conical  seat  by  the  force  of  the  air  current, 
and  thrown  against  the  sides  of  the  chamber.  It  is  next  broken 
up  by  another  blast  of  air  admitted  at  right  angles,  and  vaporised 
by  the  heat,  and  the  charge  passes  to  the  cylinder  through  a  valve 
driven  by  gearing.  As  the  quantity  of  oil  sprayed  per  stroke 
depends  on  the  air  passing  through  the  centre  of  the  screw,  and 
thus  upon  the  vacuum  in  the  cylinder,  the  composition  of  the 
mixture  is  said  to  be  always  uniform.  The  vaporiser  is  heated  not 
only  by  the  lamp,  but  also  by  the  exhaust  gases,  which  are  carried 
through  the  upper  part  before  discharging  to  the  atmosphere. 
In  the  large  motors  several  of  these  funnels  and  screws  are  used 
together.  It  has  now  been  found  possible  to  dispense  with  the 
lamp  after  the  engine  is  at  work,  the  heat  generated  by  the  motor 
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Fig.  i;i8  -BAnki  Oil  Engine.     Paris  Exhibition,  1000. 
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itself  being  sufficient  for  the  vaporisation  and  ignition  of  the  oil. 
This  automatic  action  is  said  greatly  to  conduce  to  the  efficiency  of 
the  engine,  the  constant  attention  formerly  required  by  the  lamp 
being  now  no  longer  needed.  The  ignition  is  as  punctual  as 
when  electricity  is  used.  The  engine  is  made  to  work  with  either 
benzine  or  ordinary  |)etroleum,  vertical,  with  one  or  two  cylinders, 
from  1  to  50  H.P.,  horizontal  from  3  to  16  H.P.,  and  runs  at  400 
to  250  revolutious  per  minute.  Portable  engines  are  from  2  to  6 
H.P.  The  motor  is  also  applied  to  drive  a  locomotive  and  a 
hammer  in  the  same  way  as  a  gas  engine. 

Herr  Bdnki,  who  has  made  several  valuable  contributions  to  our 
scientific  knowledge  of  oil  engine  cycles,  has  lately  introduced  a 
new  method  of  forming  the  explosive  charge.  He  justly  observes 
that  as  compression  is  increased,  the  temperature  of  the  explosive 
mixture  will  be  raised,  and  more  trouble  will  be  caused  by 
premature  ignitions.  To  avoid  this  difficulty  the  air  and  combus- 
tible must  be  separately  compressed,  as  in  the  Diesel  engine,  or  the 
oil  admitted  only  after  compression,  as  in  the  Hornsby.  Another 
way,  which  does  not  according  to  Bdnki  diminish  the  efficiency,  is 
to  cool  the  charge,  and  this  he  proposes  to  do  by  a  novel  method  of 
injecting  water.  Hitherto  the  injection  of  water  into  the  cylinder 
of  an  internal  combustion  engine  has  failed,  because  the  water  was 
intended  to  increase  the  pressure  by  evaporation,  and  not  to  reduce 
the  temperature,  and  thu»  to  allow  the  compression  to  be  carried 
higher.  In  B£nki's  system  the  water  is  introduced  in  a  very  fine 
spray,  and  thoroughly  mixed  with  the  oil  and  air  in  a  cooling 
apparatus,  in  accordance  with  these  conditions.  Two  pulverisers 
for  the  liquid  combustible  and  the  water  are  placed  in  the  admission 
pipe,  and  each  is  connected  to  a  receiver  with  a  float,  to  regulate 
respectively  the  level  of  water  and  of  oil.  A  throttle  valve  to 
determine  the  supply  of  air  is  placed  either  behind  or  between  the 
two  pulverisers.  The  air  valve  being  opened,  the  air  passing  to 
the  oil  pulveriser  is  moistened  with  fine  particles  of  water,  and 
into  this  damp  air  the  oil  is  sprayed  in  the  form  of  mist  The  two 
pulverisers  may  be  interchanged,  and  the  air  first  saturated  with 
petroleum,  and  then  charged  with  water.  If,  instead  of  oil,  the 
engine  is  worked  with  lighting  gas,  acetylene,  benzine,  &c.,  the 
pulveriser  must  be  replaced  by  a  mixing  apparatus  for  gas  and  air. 
This  system  of  water  injections  with  oil  engines  has  been  tested 
by  Banki  at  MM.  Ganz's  works,  and  the  experimental  four-cycle 
engine  to  which  it  was  applied  ran  well  and  quietly,  although  the 
compression  space  was  greatly  reduced,  but  when  the  water  was 
shut  off  there  were  violent  explosions.  The  consumption  of  oil 
was  also  much  less  with  the  water  injections.  A  20  H.P.  engine, 
with  a  piston  diameter  of  9*1  inches  and  15-7  inches  stroke,  has 
been  made,  and  tested  with  the  apparatus  at  Buda-Pesth.  Ignition 
in  this  motor  is  by  hot  tube  without  a  lamp,  and  the  mixture  of 
air  and  pulverised  oil  and  water  is  compressed  to  13  atmospheres. 
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The  heat  of  oompreuion  evaporates  the  water,  and  combustion 
produces  superheated  steam  at  30  atmospheres  pressure,  which  bj 
its  expansion  increases  the  work  done.  The  engine  is  said  to 
consume  250  grammes  «  0*55  lb.  of  oil  per  B.H.P.  hour,  and  with 
a  mean  pressure  of  10  atmospheres  the  consumption  was  even 
reduced  to  208  grammes -0*45  lb.  per  B.ILP.  hour.  A  50  RH.P. 
engine  is  now  in  course  of  construction.  See  Fig.  138  of  a  20 
RH.P.  engine. 

The  Buda-Pesth  Masohinen  Fabrik  make  vertical  engines  on 
Soherfenberg's  patent,*  using  ordinary  petroleum.  The  motor  is  of 
the  usual  four-cycle  type,  with  automatic  ignition,  a  lamp  being 
only  required  to  heat  the  vaporiser  and  hot  tube  at  starting.  The 
valve  shaft,  driven  2  to  1  from  the  motor  shaft,  works  the  oil 
pump  and  exhaust  by  two  eccentrics.  The  pump  always  draws  the 
same  amount  of  oil  from  a  receiver,  but,  according  to  the  position 
of  a  three-way  cock,  the  quantity  passing  to  the  vapoiiser  is  varied, 
and  more  or  less  returned  through  an  overflow  pipe  to  the  receiver. 
A  small  piston  valve,  controlled  by  the  centrifugal  governor  on  the 
valve  shaft,  regulates  the  supply  of  oil  to  the  vaporiser  according 
to  the  speed,  and  through  a  port  in  this  valve  the  surplas  oil  is 
sent  back.  To  start  the  engine  the  oil  pump  is  worked  by  hand, 
and  the  eccentric  driving  the  exhaust  shifted,  to  prevent  com- 
pression during  the  out  stroke.  The  air  enters  at  the  side.  The 
vaporiser  and  oil  valve  are  in  the  cylinder  cover,  and  between 
them  and  the  admission  is  a  ledge  upon  which  any  liquid  oil 
escaping  from  the  vaporiser  falls,  and  is  instantly  vaporised,  before 
it  can  reach  and  be  condensed  upon  the  internal  walls  of  the 
cylinder.  By  this  arrangement  no  liquid  oil,  it  is  said,  enters  the 
cylinder,  and  heavy  petroleum  may  be  used.  The  engine  is  made 
in  sizes  from  J  to  12  H.P.,  and  runs  at  250  to  350  revolutions  per 
minute. 

Waibel. — For  this  vertical  oil  engine,  shown  at  the  Berlin 
Exhibition  of  1896,  by  Waibel,  of  Ludwigshafen,  the  makers  claim 
that,  even  when  running  empty,  it  works  without  an  external 
flame.  The  principle  is  the  same  as  in  the  Gapitaine,  but  with 
several  interesting  modifications.  The  valves  are  set  round  the 
top  of  the  cylinder  head  ;  the  exhaust  and  oil  pump  are  driven  by 
cams  from  the  valve  shaft,  the  air  valve  and  pulveriser,  or  sprayer, 
are  automatic.  Ignition  takes  place  in  a  hollow  spherical  chamber 
at  the  top  of  the  cylinder,  surrounded  by  a  hot  air  jacket  well 
covered  to  prevent  radiation.  A  narrow  passage  connects  this 
chamber  with  the  compression  space,  and  the  main  body  of  air 
admitted  below  it  at  the  side  cannot  pass  the  neck  and  rise  into 
the  chamber,  till  driven  up  by  the  compression  stroke.  During 
admission  the  oil  is  sent  on  by  the  pump  to  the  automatic  spraying 
valve,  together  with  a  small  quantity  of  air  to  break  it  up,  which 
is  drawn  in  through  holes  in  the  seat  of  the  valve.  As  the  latter 
falls  the  seat  closes  the  top  of  the  spherical  hot  chamber,  and  the 
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oil  and  air  are  forced  to  pasa  through  the  outer  jacket  surrounding 
it,  where  the  oil  is  vaporised,  the  action  being  stimulated  by  the 
centrifugal  force  with  which  it  is  thrown  against  the  walls  of  the 
Jacket.  On  reaching  the  compression  space  it  meets  and  mixes 
with  the  main  supply  of  air,  but  the  charge  cannot  ignite, 
because  the  cylinder  walls  at  this  part  are  not  hot  enough,  being 
cooled  with  water.  The  mixture  is  not  fired  until  it  has  been 
driven  back  by  the  compression  stroke  into  the  inner  red-hot 
spherical  chamber.  According  to  the  makers,  this  chamber  is 
always  at  a  high  temperature,  because,  after  the  flame  has  spread 
<iown  into  the  cylinder,  it  strikes  back  into  it  at  each  explosion. 

The  oil  pump  is  adjusted  to  inject  oil  after  admission  has  begun, 
and  the  stroke,  it  is  said,  can  be  so  delicately  regulated  that  the 
engine  will  work  without  a  governor.  With  very  weak  mixtures, 
however,  the  ignition  chamber  sometimes  becomes  too  cool.  Pro- 
fessor Meyer  saw  the  engine  running  empty  without  a  light  for 
hours,  the  method  adopted  being  to  have  one  strong  explosion, 
sufficient  to  heat  the  vaporiser,  after  several  miss  fires.  Even  after 
being  stopped  for  ten  minutes,  the  engiue  ran  without  re-heating, 
and  this  is  owing  to  the  position  of  the  ignition  chamber.  To 
avoid  over-heating  when  the  exhaust  is  closed,  and  the  products 
of  combustion  continuously  drawn  back  into  the  cylinder  and 
compressed,  a  small  auxiliary  exhaust  valve  at  the  side  is  un- 
covered by  the  piston  before  the  end  of  the  expansion  stroke, 
and  part  of  the  products  are  discharged  through  it,  when  the 
exhaust  is  closed.  The  oil  pump  consists  of  a  piston  valve,  the 
vertical  motion  of  which  alternately  uncovers  and  closes  two 
openings,  one  for  drawing  the  oil  into  the  valve,  the  other  for 
compressing  and  sending  it  on  at  high  pressure  into  the  cylinder. 
Communication  is  made  through  a  groove  in  the  slide  valve.  The 
degree  of  compression  of  the  oil  can  be  varied  by  a  screw,  but  the 
quantity  sent  on  to  the  cylinder  is  always  the  same.  An  inertia 
governor  on  the  flywheel  regulates  the  speed,  and  an  auxiliary  hot 
tube,  heated  by  an  external  flame,  is  used  to  start  the  engine. 
The  consumption  is  said  to  be  about  0*9  lb.  oil  per  B.H.P.  hour. 
This  ingenious  and  well-designed  little  engine  should  prove  a  success. 

Depp. — The  oil  engine  made  by  Dopp  Bros.,  of  Berlin,  is 
vertical,  in  sizes  from  1  to  12  H.  P.  Herr  Bopp,  who  has  studied 
the  theory  of  internal  combustion  motors,  constructs  his  engine  on 
a  well  thought  out  and  somewhat  novel  principle.  Each  charge 
of  liquid  oil  is  separately  converted  into  vapour  without  any  air, 
and  highly  superheated,  before  it  is  admitted  in  finely  divided 
currents  to  the  combustion  space,  and  mixed  in  the  usual  way. 
The  air  for  combustion  cools  it  a  little,  but  it  is  already  at  so 
high  a  temperature  that  the  oil  vapour  does  not  fall  to  condensa- 
tion point.  In  his  paper  Herr  Dopp  notes  the  regularity  of  the 
combustion  obtained  by  this  method,  as  shown  by  indicator 
diagrams,  twenty  of  which  covered  each  other,  thus  proving  the 
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parity  of  the  charge.  Even  with  20  per  cent,  miss  fires,  similar 
diagrams  were  obtained.  The  quantities  of  air  and  of  com- 
bastibLe  are  carefully  regulated,  and  do  not  vary.  A  sniaiL 
sensitive  oil  pump,  with  adjustable  screw,  sends  on  the  liquid  oil 
to  the  vaporiser  through  a  hopper,  the  feed  of  which  is  visiUe. 
The  exhaust  can  also  be  seen,  and  the  composition  of  the  burnt 
products  affords  a  reliable  indication  of  the  combustion,  whether 

?erfect  or  not ;  thus  the  engineer  can  regulate  the  whole  process, 
n  the  engine  shown  at  Berlin  in  1896,  the  exhaust  was  found 
to  be  quite  dean.  Experiments  by  the  makers  on  a  6  BwH.P. 
engine  gave  a  consumption  of  0*53  lb.  of  oil  per  B.SLP.  hour, 
a  very  good  result  when  the  size  of  the  engine  is  considered. 
A  10  fi.H.P.  engine,  officially  tested,  gave  a  consumption  of  0'43 
lb.  oil  per  B.H.P.  hour,  including  the  oil  for  the  lamp.  According 
to  the  inventor,  the  cleanliness  obtained  in  the  cylinder  is  even 
more  important  than  the  low  consumption  of  oil,  and  he  cites 
a  2  H.P.  engine  which,  when  at  work,  did  not  require  cleaning 
for  a  year  and  a  half.  The  engine  is  said  to  work  quietly,  with 
great  regularity,  and  without  vibration. 

RiiBSian  Engines. — Special  attention  has  of  late  years  been 
paid  in  Russia  to  oil  motors,  and  many,  all  of  Crerman  type,  were 
shown  at  the  Nishni-Novgorod  Exhibition,  in  1896.  A  vertical 
two-cylinder  engine  by  Bromley,  of  Moscow,  had  an  enclosed 
base  partly  filled  with  oil,  into  which  the  crank  dipped,  and 
lubricated  the  engine.  The  motor  is  of  the  usual  type,  with 
vertical  valve  shi^  driving  the  exhaust  and  oil  pump,  the  air 
and  admission  valves  being  automatia  The  oil  enters  from  above, 
and  draws  a  small  quantity  of  air  with  it  into  the  vaporiser,  which 
is  heated  at  starting  by  a  lamp,  afterwards  only  by  the  heat  of 
the  explosions.  The  bulk  of  the  air  enters  below,  and  the  com- 
pression stroke  drives  the  charge  back  into  the  vaporiser,  where  it 
ignites.  A  piston  valve  forming  the  oil  pump  sends  on  a  given 
quantity  oi  petroleum  to  the  mixing  valve  from  a  receiver,  where 
it  is  maintained  at  a  constant  level.  The  governor  acts  by  vary- 
ing the  stroke  of  the  pump.  A  7 '64  B.H.P.  engine  was  tested  by 
Professor  Zemow,  in  which  the  consumption  was  1*1  lb.  oil  per 
B.H.P  hour. 

MM.  Liphardt,  of  Moscow,  also  make  oil  engines,  both  sta- 
tionary and  portable,  of  the  Altmann  type.  This  firm  is  well 
known  in  Russia  as  makers  of  agricultural  motors  ;  their  portable 
engines  are  of  the  usual  type,  with  cooling  water  arrangements 
on  the  Qrob  system.  In  the  vertical  engine  the  valve  shaft 
drives  the  exhaust  and  admission  valves  by  cams.  The  oil  passes 
from  a  Marriotte  bottle,  where  the  pressure  is  always  constant, 
to  the  cylinder,  is  vaporised  against  the  hot  walls  of  the  com- 
pression space,  and  fired  on  reaching  the  ignition  tube.  The 
latter  is  heated  by  a  lamp  fed  with  oil  from  a  separate  receiver, 
and  has  no  timing  valve.     There  are  auxiliary  cams  to  start  the 
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engine,  and  the  Porter  governor  acts  on  the  exhaust.  This  engine 
^was  also  tested  by  Professor  Zernow,  and  gave  a  consumption  of 
1-3  lb.  oil  per  B,H.P.  hour. 

JakowleWy  of  St.  Petersburg,  has  for  some  years  built  vertical 
gas  and  oil  engines  of  the  same  type  as  the  Liphardt.  The 
vaporiser  is  not  heated  in  these  motors,  but  a  separate  vaporising 
chamber  heated  by  a  lamp  is  used  at  starting.  The  20  H.P. 
engine  shown  at  Nishni  was  lubricated  with  water  as  well  as  oil. 

Maohtsohinkiy  of  Warsaw,  also  makes  engines  of  the  Altmann 
type,  in  which  the  oil  is  pulverised,  and  not  previously  vaporised, 
to  form  the  charge.  It  is  drawn  by  a  pump  from  a  Marriotte 
flask,  and  sent  on  under  slight  pressure  to  the  admission  passage, 
^where  it  passes  through  a  disc  with  holes,  to  ensure  the  thorough 
mixing  of  the  charge. 

Eablitz. — In  a  two-cycle  variety  of  this  engine  there  are  two 
cylinders — a  verticsJ  for  compressing  the  air,  and  a  horizontal 
motor  cylinder,  the  two  connecting-rods  being  joined.  Raw 
naphtha  is  used  to  drive  the  engine.  The  vaporiser  and  oil  pump 
are  of  the  Homsby  type,  and  the  centrifugal  governor  acts  upon 
the  stroke  of  the  latter.  The  naphtha  is  injected  into  a  red-hot 
vaporiser  open  to  the  cylinder,  and  is  immediately  evaporated  by 
the  compressed  air.  Explosion  follows  at  the  dead  point,  the 
piston  uncovers  the  exhaust  at  eight-tenths  of  the  expansion 
stroke,  and  the  discharge  of  the  gases  is  hastened  by  the  charge  of 
fresh  air  from  the  second  cylinder.  The  air  valves  are  automatic. 
The  arrangement  of  the  two  cylinders  at  right  angles  to  each 
other  is  said  to  balance  the  parts  well.  A  single-cylinder  four-cycle 
engine  of  the  usual  type  is  also  made,  in  which  the  admission,  oil, 
and  exhaust  valves  are  driven  from  a  cam  shaft. 

Diesel. — Perhaps  no  engine  has  made  more  stir,  or  raised  greater 
expectations  in  G^erman  scientific  circles  of  late  years,  than  the 
Diesel  "  Rational  Heat  Motor."  The  inventor,  instead  of  con-  _ 
structing  an  engine,  and  deducing  a  theory  from  it,  first  laid  down 
the  working  principles  which,  in  his  opinion,  ought  to  govern  any 
improvement  in  our  present  internal  combustion  engines,  and  then 
proceeded  to  embody  them  in  practice.  These  fundamental  prin- 
ciples are  set  forth  in  detail  in  a  book.  Theory  and  Constrtiction 
of  a  BcOional  Heat  Motor  (J.  Springer,  Berlin,  1893),  an  English 
translation  of  which  has  been  published  by  Spon,  and  may  be 
summarised  as  follows : — 

(1)  Production  of  the  highest  temperature  of  the  cycle,  not  by 
and  during  combustion,  but  before  and  independently  of  it,  entirely 
by  mechanical  compression  of  the  air. 

(2)  Qradual  introduction  of  a  small  and  carefully-regulated 
quantity  of  finely-divided  combustible  into  the  highly-compressed 
and  heated  air,  in  such  a  way  that  no  increase  of  temperature  takes 
place  during  the  motor  stroke,  but  all  the  heat  generated  is  at  once 
carried  off  by  the  expansion  of  the  gases  of  combustion. 
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Fig.  llilJ,  —  JU  Horse- iK>iver  Diesel  Oil  Motor. 
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(3)  Introduction 
of  a  large  quan- 
tity of  air  in  ex- 
cess, instead  of 
admitting  only  as 
much  air  as  is  re- 
quired to  obtain 
proper  combus- 
tion of  the  fuel 
in  the  cylinder. 
This  condition 
rests  on  the  prin- 
ciple that  the 
quantities  of  heat 
contained  in  oil  or 
other  combustible 
are  too  great  to  be 
utilised  in  an  en- 
gine cylinder,  un- 
less there  is  a 
large  excess  of  air 
— say  100  percent, 
to  carry  it  off. 

It  will  be  seen 
that  the  work- 
ing cycle  thus  ob- 
tained differs  in 
several  respects 
from  that  usually 
carried  out  in  gas 
and  oil  engines. 
It  conforms  more 
closely  to  the 
theoretical  Carnot 
cycle  than  any 
other,  and  there- 
fore the  progress 
of  the  Diesel  en- 
gine is  followed 
with  close  interest 
by  scientific  men 
in  Germany,  in- 
cluding Professors 
Schrbter,  Slaby, 
Gutermuth,  and 
others. 

As      originally 
designed     the 
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Fig.  140.— 20  Horse-power  Diesel  Oil  Motor. 
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Diesel  engine  bad  three  vertical  cylinders  side  by  side,  t^e  ordinary 
cycle  of  work,  admission,  compression,  ignition  and  expansion, 
and  exhaust  being  divided  between  them.  To  carry  oat  the 
perfect  Camot  cycle  Diesel  proposed  to  have  first  isothermal 
compression,  to  be  obtained  by  injecting  water  to  carry  off  the 
heat,  and  then  adiabatic  compression.  Further,  he  hoped  to 
obtain  such  complete  expansion  that  no  cooling  jacket  woold  be 
required,  but  all  the  heat  generated  would  be  expended  in  work. 
This  latter  principle,  the  unattained  ideal  of  inventors  for  so  many 
years,  was  soon  found  impossible.  A  water  jacket  became  necessary, 
and  isothermal  compression,  with  pressures  of  250  atmospheres, 
was  abandoned  in  favour  of  adiabatic  compression  only,  which 
required  pressures  of  from  30  to  50  atmospheres.  Although  Hen- 
Diesel  hopes  ultimately  to  work  with  different  power  agents,  at 
present  the  engine  has  only  been  driven  with  oil,  but  experiments 
with  lighting  and  cheap  gas  are  in  progress. 

As  now  made  by  the  Augsburg  Maschinen  Fabrik,  MM.  Elrupp 
of  Essen,  and  other  firms,  the  engine  is  a  four-cycle  vertical,  single 
cylinder,   single-acting   motor,  with   small   auxiliary   oil   and  air 
pumps,  and  the  water  jacket  now  admitted  to  be  indispensable. 
The  original  experimental  engine  is  said  to  have  worked  without  it, 
and  also  without  an  air  reservoir,  but  both  have  been  added  to  the 
motor,  shown  at  Figs.  139  and  140.    d  is  the  crank  shaft,  P  the 
motor  piston  working  downwards  on  to  the  crank,  and  C  the  water 
jacket.     The  air  is  drawn  into  the  pump  Q,  worked  by  levers  z  and 
X  from  the  connecting-rod,  and  compressed  into  the  reservoir  L  at 
the  side,  where  it  is  at  a  pressure  of  35  to  50  atmospheres.     From 
hence  it  passes  through  pipe  S  and  valve  Y^  to  the  valve  chamber 
D  at  the  top  of  the  cylinder,  where  a  very  small  quantity  of  oil  is 
injected  into  it  through  the  nozzle  n.      By  means  of  the  pipe  S  the 
pressure  is  also  equalised  between  the  reservoir,  air  pump,  and 
valve  chamber  D.     B  is  the  valve  shaft  worked  in  the  usual  way 
by  gearing  from  the  crank  shaft,  and  from  it  the  admission  valve 
Vp  the  exhaust  Vj,  and  the  oil  pump  are  driven.     For  starting  the 
engine  the  cams  actuating  valves  Y^  and  Yg  are  thrown  out  of  gear 
by  moving  a  lever,  and  another  set  of  valves  are  brought  into  play, 
and  disconnected  as  soon  as  the  engine  is  at  work.     Combustion  is 
regulated  by  varying  either  the  time  during  which  oil  is  injected, 
the  period  of  admission,  or  the  pressure  in  the  air  reservoir.     Con- 
nected to  the  injection  nozzle  are  two  valves,  the  admission  and  an 
overflow.      The  descent  of  the  little  oil  pump  piston  closes  the 
latter,  and  sends  the  oil  to  the  valve  chamber  D.      But  if  the 
normal  speed  is  exceeded,  the  governor  interposes  a  wedge  below 
the  oil  piston,  the  overflow  valve  remains  open,  more  or  less,  and 
part  or  the  whole  of  the  oil  passes  back  to  the  receiver. 

From  this  description  it  will  be  seen  that  the  ordinary  four-cycle 
is  adhered  to,  but  the  dimensions  are  very  small  for  the  power 
developed.     One  of  the  great  merits  of  the  engine  is  the  very  high 
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compression  of  the  charge,  much  higher  than  in  other  oil  engines. 
These  pressures  occasioned  much  difficulty  with  the  valves  at  first. 
The  chief  novelty  is  that  the  temperature  of  combustion  appears  to 
be  really  obtained,  as  the  inventor  claims  to  obtain  it,  before  and 
independently  of  combustion.  As  air  is  the  only  agent  in  pro- 
ducing this  result,  there  is  no  danger  of  premature  igoition,  such 
as  may  happen  in  an  engine  where  oil  and  air  together  are  highly 
compressed,  and  miss-fires  are  impossible.  No  light  of  any  kind  is 
required,  the  oil  being  wholly  vaporised  by  the  air  under  pressure. 
As  a  result  a  theoretical  heat  efficiency  of  50  per  cent,  was  ex- 
pected, and  an  indicated  heat  efficiency  of  34  per  cent,  to  40  per 
cent.,  with  a  corresponding  reduction  in  the  consumption  of  oil. 
Herr  Diesel  maintains  that  his  engine  works  with  a  lower  con- 
suraplion  of  oil  than  others.  A  very  careful  series  of  trials  was 
made  on  a  20  H.P.  engine  by  Professor  Schroter  at  Augsburg,  in 
February,  1897.  The  cylinder  diameter  was  9*8  inches,  stroke 
15*7  inches,  and  the  engine  ran  at  154  revolutions  per  minute.  It 
indicated  24*7  H.P.,  with  a  consumption  of  0*39  lb.  of  oil  per 
I.H.P.  hour,  and  gave  on  the  brake  17*8  H. P.,  with  a  consumption 
of  0-52  lb.  of  oil  per  B.H.P.  hour.  The  heating  valve  of  the  oil 
used  was  18,370  B.T.U.  per  lb. ;  mechanical  efficiency  75  per  cent. 
This  was  rather  low,  because  of  the  large  negative  power  required 
to  drive  the  high-pressure  air  pump.  The  heat  turned  into  actual 
work  on  the  brake  was  26*8  per  cent,  of  the  total  heat  given  to  the 
engine ;  another  test  gave  25*8  per  cent,  heat  efficiency  per  B.H.P. 
Both  trials  will  be  found  in  the  Table,  No.  7.  An  experiment 
on  the  same  engine  by  Professor  Sauvage  gave  similar  results. 
This  high  heat  efficiency  is  attributed  by  Professor  Meyer  not  to 
combustion  at  constant  temperature,  to  which  Herr  Diesel  ascribes 
it,  but  to  the  high  pressures  attained. 

The  inventor  has  given  fifteen  years  to  the  study  of  the  subject, 
and  his  method  of  treating  the  oil  is  founded  on  mature  experience. 
He  does  not  allow  it  to  come  in  contact  with  the  cold  cylinder 
walls,  nor  is  it  previously  vaporised,  and  thus  separated  into  its 
heavy  and  volatile  constituents,  but  it  is  injected  in  a  liquid  state 
and  at  once  into  the  body  of  compressed  air,  and  the  whole  instantly 
vaporised  and  burnt,  before  it  has  had  time  to  condense  against  the 
walls.  Combustion  is  independent  of  the  speed  of  propagation  of 
the  flame,  because  each  particle  of  oil  as  it  enters  finds  sufficient  air 
for  its  combustion. 

The  Diesel  engine  was  first  shown  at  the  Munich  Exhibition  of 
1898,  when  motors  of  various  powers  were  exhibited  by  four  of  the 
leading  German  firms.  All  were  single-cylinder  engines  driven 
with  ordinary  oil.  The  largest  hitherto  built  is  a  40  H.P.,  by  the 
Maschineh  Fabrik  Augsburg,  who  were  the  first  to  take  up  the 
engine.  The  English  patent  has  been  acquired  by  Messrs.  Mirrlees, 
Watson,  Yaryan  in  Go.  At  present  the  sale  of  the  engine  is  some- 
what checked  by  the  high  royalties,  it  is  also  more  expensive  to 
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make  than  other  oil  engines,  and  not  many  appear  to  be  yet  in  the 
market.  These  difficulties  should  be  overcome,  and  this  good  and 
economical  engine  find  more  general  acceptance,  both  here  and  on 
the  Continent.  The  author  has  seen  many  of  these  motors  at  work, 
and  they  run  very  quietly  and  well,  and  are  easily  regulated  and 
started.  In  the  Table,  No.  7  of  oil  engine  tests,  the  Diesel  is 
highest  but  one  in  the  list  of  sixty  for  the  heat  efficiency  per  B.H.P. 
Full  details  of  the  engine  and  an  account  of  Professor  Schroter  s 
excellent  tests  will  be  found  in  Zeiiaehrift  cUb  Vereines  deuUcher 
Ingenieure,  July  10,  17,  and  24,  1897.  An  application  of  the 
Entropy  diagram  to  a  Diesel  enn^ine  will  be  found  in  ZeiUekrifi 
cUs  Vereines  deutscher  Ingenieure,  September  24,  1898. 

Fetreano  Vaporiaer. — An  interesting  novelty  for  gas  and  oil 
engines  has  been  introduced  by  M.  Petr^ano,  to  counteract  what  is, 
in  his  opinion,  the  present  main  defect  of  internal  combustion 
motors,  namely,  the  imperfect  mixing  of  the  charge,  which  causes 
after  combustion.  This  may  be  proved  by  removing  the  exhaust 
tube,  when  a  flame  will  be  visible  at  the  mouth  of  the  valve.  But 
if  a  thoroughly  homogeneous  mixture  of  air  and  oil  or  gas  be 
used,  instant  combustion  and  explosion  will  be  obtained,  with  no 
retarded  flame.  Several  authorities  doubt  the  correctness  of  this 
view,  and  the  existence  of  the  flame  at  the  exhaust  valve.  M. 
Petr^ano,  however,  maintains  that,  if  the  mixture  of  gas  or  oil  and 
air  be  properly  prepared,  the  flame  disappears,  because  combustion 
is  completed  at  the  moment  of  explosion.  To  produce  better  and 
more  rapid  combustion  less  gas  or  oil  should  be  used,  and  a  more 
thorough  mixing  of  the  combustible  with  the  air  than  is  at  pr^ent 
obtained  is  necessary.  The  time  required  for  any  gas  to  diflfuse 
itself  through  another  has  not  hitherto  been  taken  into  account. 
The  higher  the  temperature  the  more  rapid  the  process  of  diflusion, 
but  it  is  never  instantaneous.  The  charge  should  be  perfectly 
mixed  before  entering  the  working  cylinder  of  an  engine,  as  com- 
bustion proceeds  so  rapidly  afterwards  that  no  mixing  is  possible. 

M.  Petr^ano's  apparatus  is  a  carburator  or  vaporiser,  and  may  be 
used  for  either  petroleum  or  gas,  but  it  is  more  specially  intended 
for  oil.  It  consists  of  a  vertical  cylindrical  vessel,  through  the 
centre,  of  which  a  pipe  carries  the  hot  exhaust  gases  from  the 
engine  to  discharge  to  atmosphere.  This  pipe  is  surrounded  in  the 
vaporiser  with  wire  gauze,  to  which  it  imparts  heat.  The  annular 
space  between  the  hot  wire  gauze  and  the  outer  walls  of  the 
vaporiser  is  divided  iuto  compartments  by  diagonal  wire  gauze 
funnels,  which  are  alternately  connected  to  one  or  the  other  side. 
The  oil  or  other  liquid  drops  into  the  top  of  the  vaporiser,  and 
draws  in  with  it  a  sufficient  supply  of  air  to  break  it  up.  The 
mixture  is  carried  down  the  first  funnel  against  the  sides  of  the  hot 
wire  gauze,  and  through  to  the  second  funnel,  the  oil  being  partly 
evaporated  in  its  passage.  Here  its  progress  is  checked,  and  it  is 
forced  to  rise  and  pass  along  the  outer  wall  of  the  vaporiser  to  the 
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third  and  fourth  funnels,  where  the  same  process  is  repeated.  Thus 
the  oil  is  first  vaporised  hy  contact  with  the  hot  wire,  then  hroken 
up  and  thoroughly  mixed  with  the  air,  hy  the  eddying  motion 
produced  by  the  openings  in  the  funnels.  The  quantities  of  oil  and 
air  admitted  are  carefully  regulated ;  the  heavy  residuum  drains 
off  down  the  funnels  to  the  bottom  of  the  vaporiser,  where  it  can 
be  withdrawn. 

With  this  apparatus  M.  Petr^ano  claims  to  obtain  a  notable 
economy  in  gas  engines,  and  also,  by  adapting  it  to  any  motor,  to 
make  'the  latter  work  without  modification  with  gas,  oil,  benzine, 
alcohol,  <&c.  It  was  tested  with  Dr.  Slaby's  old  experimental  16 
H.P.  Otto  engine  in  the  Charlottenburg  Laboratory  in  1897. 
After  fitting  the  vaporiser  to  it,  the  engine  was  driven  with  light 
spirit,  and  for  thirty  days  was  worked  continuously  and  successively 
with  lighting  gas,  benzine,  petroleum,  and  spirit.  A  much  stronger 
and  more  certain  explosion  was  obtained,  and  a  higher  explosive 
pressure,  as  shown  by  the  indicator  diagrams.  Theoretically  the 
pressure  of  a  gas  should  increase  seven-fold  by  explosion,  but  less 
than  half  the  theoretical  pressure  has  hitherto  been' realised.  The 
diagrams  taken  from  the  Otto  engine  gave  an  explosive  pressure  of 
nearly  nine  atmospheres  with  the  charge  introduced  in  the  ordinary 
way,  and  of  twelve  atmospheres  with  the  Petr^ano  apparatus. 
M.  Petr^no  claims  to  work  an  engine  with  his  apparatus  without 
a  water  jacket.  This  is  perhaps  doubtful,  but  the  engine  tested 
worked  for  ten  hours  with  rectified  spirit,  and  the  temperature  in 
the  jacket  did  not  rise  above  80*"  C.  According  to  him  the  speed 
depends  upon  the  composition  of  the  charge,  because  with  the 
Qsual  method  time  must  be  allowed  for  combustion  during  the 
«troke,  but  with  the  perfectly  mixed  charge  obtained  with  his 
vaporiser  combustion  is  instantaneous,  and  no  such  interval  is 
required.  The  16  H.P.  engine  at  Charlottenburg  gave  24  H.P. 
with  the  Petr^no  vaporiser,  or  50  per  cent,  increase  in  power,  and 
the  consumption  was  450  litres  »  14'8  cubic  feet  of  gas  per  B.H.P. 
hour. 

Some  three  years  have  now  elapsed  since  these  experiments  were 
given  to  the  publi.c,  but  little  appears  hitherto  to  have  been  done 
to  apply  the  invention  practically.  The  results  obtained  with  the 
Petr^ano  carburator  were  compared  only  with  those  furnished  by 
an  engine  of  an  old  type,  in  which  the  oil  was  imperfectly  gasified. 
With  the  newer  oil  engines  vaporisation  is  better  understood,  and 
more  perfectly  oarried  out,  and  hence  the  striking  economy  pro- 
curable with  the  apparatus  may  not  be  so  marked.  No  first-class 
makers  seem  to  have  taken  the  matter  up.  To  prove  the  advan- 
tages of  the  Petr^ano  carburator,  comparative  ex)>eriments  should 
be  made  on  a  good  gas  engine  of  the  most  modern  construction. 
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CHAPTER  XXIV. 

PRACTICAL  APPUCATIONS  OF  GAS  AND  OIL 
ENGINES. 

CoNTBMiB.— Electrio  Liffhting— Waterworks— Trun ways  drivea  by  Gu — 
DresdeQ — Dessau — Boats  for  Riven  and  Lakes — Capitaine^Diuiiiler — 
Priestman— Portable  Engines— At  Berlin— Meaux—Ounlwidge — Road 
Motor  Carriages — Daimler— Roger— Tenting— Other  ApplicatioosL 

A  OEBAT  impulse  has  been  giyen  to  industrial  development  by 
the  applications,  to  many  purposes,  of  engines  driyen  by  lighting 
and  power  gas,  and  by  oil.  The  advantages  of  these  motors  over 
steam  for  small  powers,  or  where  motive  force  is  only  required 
intermittently,  have  been  already  considered.  It  remains  to 
notice  the  uses  to  which  the  power  thus  obtained  has  been 
applied,  and  these  are  so  many  and  varied  that  the  extensive 
utilisation  of  gas  and  oil  engines  will  probably  effect  a  great 
change  in  our  present  system  of  generating  power.  Hundreds  are 
now  sold  every  month,  whereas  a  few  years  ago  they  were  counted 
only  by  tens.  One  disadvantage  of  oil  engines  is,  however,  the 
disagreeable  smell  of  the  exhaust,  and  inventors  should  turn  their 
attention  to  this  important  point,  which  is  greatly  against  the  use 
of  these  motors. 

Bleotrio  Lighting. — The  competition  of  electricity  with  town 
gas  as  a  means  of  illumination  threatened  the  prosperity  of  the 
gas  companies  some  years  ago.  Since,  however,  motive  power  is 
requirea  to  generate  electricity,  and  is  conveniently  obtained  by 
driving  the  engines  and  dynamos  with  lighting  gas,  this  method 
of  utilising  the  output  of  gas  was  adopted  by  many  companies, 
especially  on  the  Continent.  The  advantages  of  thus  producing 
electricity  are  many.  As  it  is  usually  required  only  during  a 
certain  number  of  hours  in  the  twenty-four,  the  production  may 
be  intermittent,  and  the  engines  stopped  for  a  time  without 
incurring  any  cost,  as  with  steam.  Or  the  gas  may  be  utilised 
for  other  purposes  during  the  day,  as  is  often  done  in  country 
houses,  where  it  furnishes  the  motive  power  for  pumping  water, 
sawing,  threshing,  and  other  agricultural  operations,  and  after 
dark  the  engines  drive  the  dynamos.  In  some  towns  abroad,  as 
at  Lille,  where  electricity  is  generated  from  engines  driven  by 
town  gas,  the  consumers  are  allowed  to  light  their  houses  by  gas 
or  electricity  at  will.  Although  a  means  is  thus  found  of  utUis- 
li^g  g^  this  method  is  not  as  economical  as  where  the  engines 
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are  driven  by  cheap  or  power  gas,  such  as  Dowson  or  Lencauchez, 
and  in  many  large  towns  abroad  the  latter  system  has  been 
adopted. 

The  electric  light  station  driven  by  town  gas,  set  up  at  Dessau 
in  1886,  was  probably  one  of  the  first ;  such  plants  are  now  very 
widely  distributed.  A  novel  arrangement  has  been  adopted  at 
Winterthur  and  other  towns  on  the  Continent,  where,  from  the 
same  gasworks,  cheap  power  gas  is  supplied  to  consumers  during 
the  day  for  driving  engines  and  heating  purposes,  and  ordinary 
lighting  gas  at  night,  the  same  gas  mains  furnishing  heat,  light, 
and  motive  power.  At  Rheims,  electricity  for  lighting  the  town, 
Ac,,  is  provided  by  five  Niel  engines,  two  of  50  H.P.,  two  of  80 
H.P.,  and  one  of  45  H.P.,  driven  by  town  gas.  A  test  has  been 
made  by  Professor  Witz  on  an  electric  lighting  plant  at  Roubaix, 
where  the  electricity  is  generated  by  two  Tangye  single  cylinder 
engines,  of  28  and  36  I.H.P.  respectively.  The  subject  is,  how- 
ever, much  too  large  to  be  dismissed  in  a  few  sentences.  A 
separate  treatise  would  be  required  to  do  justice  to  the  immense 
development  of  gas  engines  for  generating  electricity.  The  various 
references  to  it  under  the  head  of  the  different  types  will  show 
that  gas  motors  of  almost  all  sizes  and  kinds,  driven  with  town 
or  power  gas,  or  in  a  few  instances  with  high  furnace  gases,  now 
drive  dynamos  to  furnish  electricity  for  lighting  towns,  factories, 
mills,  public  buildings,  private  houses,  &c.,  both  in  Europe  and 
America. 

Waterworks. — The  application  of  gas  engines  on  a  large  scale 
to  waterworks  has  been  already  noticed.  In  England  there  are 
several  water  -  pumping  stations  worked  by  engines  driven  by 
Dowson  gas.  The  largest  are  two  20  H.P.  Orossley-Otto  engines 
at  the  Oounty  Asylum,  Gloucester.  At  Godalming  Waterworks 
there  are  two  18  H.P.,  at  Ross  (Hereford)  a  30  H.P.,  and  at 
Teignmouth  two  16  H.P.  Orossley  engines,  all  driven  by  Dowson 
gas.  The  Uxbridge  pumping  station,  worked  by  Atkinson 
engines,  has  been  mentioned;  at  Kenilworth  the  power  is  gene- 
rated by  a  20  H.P.  Clark  engine.  Other  smaller  applications 
are  at  Wellington,  Stevenage,  and  Marlborough,  in  all  of  which 
Orossley-Otto  motors  are  used.  There  are  also  many  stations  in 
England  where  gas  engines  are  used  for  pumping  sewerage. 
Messrs.  Crossley  have  put  up  several  large  sewerage-pumping  gas 
engines  for  the  London  County  Council.  Messrs.  Tangye  have 
also  erected  many  pumping  engines  for  waterworks,  sewerage,  and 
drainage,  both  for  small  and  large  powers,  and  especially  a  plant  of 
several  120  H.P.  engines  at  the  Sunderland  Docks,  with  pumps 
each  discharging  2600  tons  of  water  \)er  hour.  At  Laval,  in 
France,  power  for  the  waterworks  is  generated  by  a  60  B.H.P. 
Simplex  engine,  driven  by  Lencauchez  gas.  But  it  is  in  Germany 
that  the  system  has  been  most  widely  applied,  arid  the  water 
supply  in  small  towns  much  improved. 
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Engines  for  pumping  water  may  be  divided  into  four  classes, 
according  to  their  motive  power,  whether  driven  by  lighting  gas, 
power  gas,  petroleum,  or  by  benzine  or  volatile  oil  (on  the  Con- 
tinent). In  compactness,  economy,  absence  of  a  chimney  or 
boiler,  and  small  attention  required,  they  all  possess  great  advan- 
tages over  steam.  Another  recommendation  is,  that  if  the  water 
pumps  are  worked  by  engines  using  town  gas,  not  only  are  the 
gas  companies  benefited,  but  the  output  is  equalised,  more  water 
and  less  gas  being  required  in  summer,  while  in  winter  the 
proportion  is  reversed. 

The  first  waterworks  in  (Germany  driven  by  gas  engines  were 
those  of  Diiren,  in  1884,  and  other  towns  have  not  been  slow  to 
follow.  The  power  was  transmitted  to  the  pumps  through  wheels, 
but  pulleys  and  belting  are  now  generally  used.  In  engines 
driven  by  generator  or  power  gas,  in  towns  already  supplied 
with  lighting  gas,  as  at  Basle,  gas  coke  can  be  utilised  ;  but  it 
is  usual  also  to  connect  the  engines  to  the  gas  mains,  that  they  noay 
be  started  quickly  and  easily  in  case  of  emergency.  In  smaller 
towns  where  there  is  no  gas,  and  not  much  power  is  required, 
petroleum  or  benzine  may  be  employed  to  drive  the  pumping 
engines.  With  benzine,  as  with  lighting  gas,  the  engine  can  be 
stiu*ted  without  previous  heating. 

Of  the  two  foregoing  tables,  the  first,  compiled  from  data  in 
the  Ze%t9chrift  des  Vereinet  deuischer  Ingenieure^  March  16,  1895, 
gives  particulars  of  the  principal  towns  in  Germany  where  the 
waterworks  are  driven  by  Otto  gas  or  oil  engines,  chiefly  by  straps 
or  ropes.  The  second  shows  the  towns  in  which  the  water  is 
pumped  by  Koerting  gas  or  benzine  engines. 

The  actual  consumption  in  these  engines  varies  considerably 
with  the  height  to  which  the  water  is  raised,  &c.,  but  the  follow- 
ing is  about  the  maximum  and  minimum  : — 

1  lb.  gas  coke  will  raise  from  4750  to  7000  lbs.  water  to  a  height 
of  131  feet. 

1  cubic  foot  lighting  gas  will  raise  from  310  to  560  lbs.  water 
to  a  height  of  131  feet. 

1  lb.  oil  or  benzine  will  raise  from  7500  to  12,000  lbs.  water 
to  a  height  of  131  feet. 

Tramways  Driven  by  GkM. — The  use  of  gas  for  driving 
tramcars  is  an  application  of  motive  power  which  appears  capable 
of  great  extension,  though  it  does  not  seem  yet  to  have  been 
widely  employed.  The  Luhrig  system  is  that  most  generally 
adopted  at  present.  The  gas  is  drawn  from  a  main,  compressed 
by  a  fixed  gas  engine  to  the  required  pressure,  and  the  reservoirs 
of  the  trams  are  charged  with  it.  One  advantage  of  this  method 
of  providing  motive  power  is  that  in  most  towns  where  tramways 
are  used,  a  gas  main  is  always  available  In  the  opinion  of  the 
best  authorities,  tramcars  driven  by  compressed  gas  are  likely  to 
be  used  in  the  future,  as  they  possess  the  further  merit  of  being 
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self-contained,  and  carrying  with  them  a  store  of  motive  power 
sufficient  to  last  for  a  considerable  time.  Steam  tramways  are 
rather  noisy,  and  the  exhaust  is  sometimes  objectionable;  electri- 
cally propelled  cars  require  overhead  wires  or  other  methods  of 
conveying  electricity,  while  the  greater  expense  of  horse-drawn  cars 
has  long  been  recognised.  The  relative  cost,  as  given  by  Mr. 
Corbett  Woodall  some  years  ago,  was  one  penny  per  mile  for  tram- 
ways driven  by  compressed  gas,  twopence  per  mile  with  electricity, 
and  fivepence  per  mile  for  horse  traction. 

In  gas  propelled  cars  the  power  is  also  transmitted  direct  from 
the  engine  to  the  axles  of  the  carriage,  and  there  is  less  loss  in 
transmission,  than  with  electric  traction.  Gas  tramways  in  large 
towns  equalise  the  consumption  of  gas,  as  they  run  more  in  the  day 
than  at  night,  and  oftener  in  summer  than  in  winter.  No  central 
gas  station  is  required,  since  the  gas  can  be  taken  from  the  street 
mains  and  compressed,  at  any  point  on  the  route.  Great  improve- 
ments have  already  been  made  in  gas  traction,  and  difficulties 
arising  from  noise,  vibration,  and  smell  have  been  much  diminished. 
Objections  have  been  raised  to  carrying  a  store  of  compressed  and 
inflammable  gas,  but  the  same  would  apply  to  the  compressed  gas 
which  has  for  years  been  extensively  used  on  railways  for  lighting 
the  carriages. 

In  gas  tramcars  from  6  to  10  reservoirs  for  the  compressed  gas 
are  required,  containing  from  44  to  88  cubic  feet.  They  are  placed 
beneath  the  floor  of  the  carriages,  and  charged  with  a  supply 
sufficient  to  run  the  cars  about  8  miles.  About  8  per  cent,  of  the 
total  quantity  of  gas  consumed  is  used  to  drive  the  flxed  engine  for 
compressing  it.  An  8  H.P.  engine  will  compress  2100  cubic  feet  of 
gas  per  hour  to  a  pressure  of  about  eight  atmospheres.  The  charging 
of  the  reservoirs  through  an  ordinary  india-rubber  tube  takes  about 
a  minute  and  a  half. 

There  are  two  systems  of  propelling  cars  by  compressed  gas,  that 
of  Guilli^ron  and  Amrein  at  Neuch4tel  in  Switzerland,  and  the 
better  known  Liihrig  system,  adopted  in  England  and  Germany. 
At  Neuch&tel  the  tramway  is  worked  by  an  8  H.P.  gas  engine,  and 
the  receivers  carry  sufficient  gas  for  the  double  journey,  3  miles 
each  way.  The  consumption  is  34  cubic  feet  of  gas  per  car  mile. 
The  Liihrig  gas  traction  system,  invented  by  the  late  Herr  Liihrig 
in  1893,  was  first  adopted  at  Dresden  in  March,  1894.  The  prin- 
ciple is  that  of  connecting  the  engine  to  the  carriage  by  means  of 
friction  coupling,  controlled  by  the  driver.  The  carriage  can  be 
stopped  by  clutches,  without  stopping  the  engine.  Professor 
Schottler  gives  a  description,  with  diagrams,  of  the  Liihrig  system 
of  transmission  in  the  ZeiUchrift  des  Vereinea  deutscher  Ingenieu/re^ 
August  24,  1895.  There  are  three  shafts,  each  connected  to  the 
motor  shafb  by  levers,  and  carrying  wheels  of  different  diameters. 
By  shifting  the  levers,  one  or  other  shaft  and  set  of  wheels  are 
thrown  in  or  out  of  gear.     The  motor  is  a  double  cylinder  9  H.P. 
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Otto  engine,  placed  at  one  side  of  the  carriage  nnder  the  seat.  The 
gas  is  ignited  electrically,  and  thus  no  open  flame  is  carried.  The 
engine  and  car  are  worked  from  the  front  by  the  driver.  When 
the  car  is  stationary  for  a  short  time  the  engine  is  disconnected, 
and  the  supply  of  gas  almost  cut  off,  one  cylinder  being  thrown  out 
of  gear,  and  an  explosion  only  taking  place  in  the  other  at  every 
eighth  revolution.  By  moving  a  lever  a  friction  clutch  is  brought 
into  action,  connecting  the  engine  shaft  with  the  axles  of  the  car, 
the  supply  of  gas  is  partly  turned  on,  and  the  car  runs  at  a  speed 
of  4}  miles  an  hour.  If  the  lever  is  shifted  to  a  third  position,  the 
full  quantity  of  gas  is  turned  on  with  a  friction  clutch  of  larger 
diameter,  and  the  speed  increased  to  the  maximum  of  9  miles  an 
hour.  For  backing  the  car  another  lever  reverses  the  action  of  the 
engine.  The  gas  is  carried  in  three  cylindrical  reservoirs,  and  a 
fourth  holds  the  cooling  water ;  the  latter  is  placed  on  the  roof  of 
the  carriage,  beneath  an  upper  tier  of  seats.  The  water  descends 
by  gravity  to  the  cylinder  jackets,  and  after  cooling  them  circulates 
through  tubes  exposed  to  a  current  of  air  produced  by  the  onward 
motion  of  the  car.  In  all  gas  or  oil  engines  used  for  propelling 
cars,  portable  engines,  road  carriages,  <fec.,  the  arrangements  for 
cooling  the  water  form  an  important  feature.  The  cars  at  Dresden 
hold  36  passengers,  and  the  power  of  the  engine  can  be  increased  if 
necessary  to  12  H.F.  The  consumption  was  at  first  36  cubic  feet 
of  gas  per  car  mile,  but  this  has  since  been  reduced. 

The  gas  tramway  at  Dresden  was  so  successful  that  another 
plant  was  laid  down  at  Dessau,  in  November,  1804,  with  similar 
carriages  and  engines.  The  line  is  nearly  3  miles  long,  and  the 
supply  of  compressed  gas  is  sufficient  for  a  distance  of  8  miles. 
The  consumption  of  the  two  cylinder  10  H.P.  Otto  engine  is  about 
29*8  cubic  feet  of  gas  per  car  mile.  The  engine  and  machinery  are 
carefully  protected  from  dust.  As  the  town  was  already  lit  by 
electricity,  it  was  originally  intended  to  have  an  electric  tramcar, 
but  when  it  was  found  that  an  additional  station  would  be  necessary, 
the  decision  was  taken  to  utilise  the  gas  from  the  mains,  and  two 
gas  compressing  stations  were  erected,  one  at  either  end  of  the  line. 
The  average  speed  of  the  Dessau  tramway  is  about  7^  miles  an  hour. 
Professor  Kennedy  made  a  careful  study  of  it,  and  reported  so 
favourably  that  an  experimental  line  was  laid  down  between 
Thornton  Heath  and  Croydon  by  the  Gas  Traction  Company,  which 
worked  for  some  time. 

A  tramway  worked  by  gas  was  laid  down  in  July,  1896,  between 
Blackpool  and  St  Anne's,  a  distance  of  7^  miles,  and  has  since 
been  in  daily  use,  and  working  satisfactorily.  There  are  fourteen 
cars,  each  carrying  fifty-two  passengers,  and  running  from  75  to  100 
miles  per  day.  At  the  Central  Station  the  gas  is  drawn  from  the 
town  mains,  and  forced  by  four  compressors  into  receivers  at  a 
pressure  of  200  lbs.  per  square  inch.  Each  compressor  is  driven  by 
a  4  H.P.  gas  engine.      From  here  the  compressed  gas  is  fed  as 
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required  into  three  steel  tubes  under  the  body  of  the  carriage. 
Each  car,  on  starting  from  the  Central  Station,  takes  up  its  charge 
of  gas  at  a  pressure  of  about  140  lbs.  per  square  inch.  The  supply 
is  sufficient  to  last  for  15  miles,  but  is  replenished  through  a  rubber 
tube  at  the  end  of  each  run,  the  time  required  being  only  a  minute 
and  a  quarter.  The  cost  for  power  only  is  about  Id.  per  car  mile. 
The  15  B.H.P.  engine  which  supplies  the  power  is  of  the  usual 
type,  and  a  condensing  coil  for  cooling  the  cylinder  is  placed  on  the 
top  of  the  carriage. 

Boats  for  Bivers  and  Lakes. — A  cargo  boat,  the  *<  Id^le,'' 
of  300  tons  burden,  plied  for  some  time  between  Havre  and 
Paris.  It  was  worked  by  a  40  H.P.  two-cylinder  Simplex  engine, 
driven  by  gas  previously  compressed  to  100  atmospheres.  The 
vertical  pistons  were  set  at  an  angle  of  90*",  and  acted  down- 
wards upon  the  shaft  of  a  reversible  screw  on  the  M^Glasson 
system.  The  compressed  gas  was  stored  on  the  bridge  of  the 
vessel  in  tubes,  similar  to  those  used  for  compressed  oxygen  in 
England.  From  thence  it  was  drawn  as  required,  the  pressure 
reduced  to  the  proper  strength  for  the  charge,  and  the  gas  mixed 
with  air  in  a  separate  chamber. 

It  is,  however,  with  oil  engines  that  the  greatest  progress  has 
been  realised,  in  applying  this  kind  of  motor  to  boats  and  launches. 
The  Capitaine  oil  launch  was  perhaps  the  earliest  in  the  field,  and 
is  now  well  known  and  much  used.  It  was  introduced  into  Eng- 
land, and  a  launch  was  tested  at  Chester  in  1891.  By  means  of 
a  handle  attached  to  the  gearing,  the  motion  of  the  boat  could  be 
reversed  or  suspended.  This  launch  was  35  feet  long  by  6  feet 
10  inches,  and  carried  50  passengers.  The  6^  H.P.  engine  made 
240  revolutions  per  minute  ;  the  boat  went  at  8^  knots  per  hour. 
In  these  little  oil  launches  the  motor  is  not  stopped  with  the 
boat,  but  simply  disconnected.  There  are  usually  two  vertical 
cylinders  in  the  centre  of  the  vessel,  with  the  oil  reservoir  under 
the  bow,  and  a  connection  to  the  boat  screw  shaft  at  the  stem. 
The  exhaust  gases  sometimes  escape  through  a  chimney  in  the 
middle  of  the  boat,  sometimes  they  are  carried  along  the  side,  and 
discharged  at  the  stern.  The  pressure  of  air  in  the  oil  receiver 
is  maintained  by  a  pump  worked  from  the  motor,  which  sends 
the  oil  to  a  smaller  reservoir,  also  under  pressure,  connected  to 
the  cylinder.  Another  pump  supplies  water  for  the  cooling  jacket. 
The  Capitaine  launches  are  driven  by  ordinary  petroleum.  The 
engines  are  made  vertical  only,  in  sizes  from  1  to  8  B.H.P.  single 
cylinder,  and  10  B.H.P.  double  cylinder.  Hundreds  are  in  use 
abroad,  especially  at  Hamburg  and  on  the  Bhine. 

The  Daimler  petroleum  launch  is,  like  the  Capitaine,  an  appli- 
cation of  the  Daimler  engine  to  propel  a  boat,  with  special 
apparatus  to  transmit  the  power  to  the  screw.  It  has  already 
been  successfully  and  largely  applied  for  driving  small  boats.  The 
author  has  inspected  one  of  these  little  petroleum  launches  on  the 


428  GAS   AND  OIL  BROIHBS. 

Thames.  It  ran  quietly,  with  no  smoke  and  little  smell,  was 
easily  steered,  the  direction  reyersed,  or  the  boat  stopped  at  a 
moment's  notice.  The  speed  varied  from  8  to  1 1  miles  an  hour. 
Many  of  the  Daimler  launches  are  at  work  in  Germany,  but  they 
all  have  the  disadvantage  of  using  light  petroleum  of  0*68  or  0-70 
density,  and  great  care  must  be  taken  in  handling  it.  A  vertical 
four-cylinder  10  H.P.  Daimler  boat  engine  was  exhibited  at 
Chicago.  The  motor  always  works  in  t^e  same  direction,  and 
is  connected  to  the  screw  shaft  by  a  disc  and  friction  coupling. 
If  all  three  are  in  connection  the  boat  goes  forward ;  by  turning 
a  handle  two  side  friction  discs  are  brought  into  play,  and  the 
motion  reversed.  Instead  of  this  gear  some  boats  carry  pro- 
pellers with  reversible  blades.  When  the  engine  is  running  at 
its  normal  speed  of  480  revolutions  per  minute,  the  boat  attains 
a  speed  of  15  miles  per  hour,  and  the  consumption  of  oil  is 
about  0*64  lb.  per  mile.  The  engine,  oil  tanks,  and  exhaust  are 
arranged  in  the  same  way  as  in  the  Gapitaine  launches,  and  one 
man  is  sufficient  to  steer,  and  to  drive  the  motor. 

Messrs.  Votper,  of  Portsmouth,  have  constructed  the  Boots 
engine  for  river  work,  and  make  oil  launches  in  sizes  from  ^  to  20 
B.H.P.,  with  one,  two,  or  four  cylinders.  One  advantage  of 
having  several  cylinders  is  that,  by  bringing  one  or  more  into 
use  as  desired,  the  power  can  be  accurately  adjusted  ;  for  inter- 
mittent work,  as  with  barges  going  through  locks,  (fee,  this  is  a 
desirable  arrangement,  but  boats  thus  propelled  do  not  seem  to 
be  much  used  in  England. 

The  earliest  application  of  oil  engines  to  river  work  was  by 
Messrs.  Friettmant  and  they  still  make  these  vertical  motors,  in 
sizes  from  2  to  65  RH.P.  Hitherto,  in  these  and  all  oUier 
engines  applied  to  boats,  the  vertical  type  only  has  been  adopted. 
The  Priestman  have  usually  two  or  four  cylinders,  and  are  used 
for  barges  and  other  purposes,  where  the  safe  working  of  the 
engine  in  unskilled  hands  is  the  first  consideration.  They  are 
employed  on  rivers  and  lakes  in  Europe  and  elsewhere.  Trans- 
mission is  effected  by  a  reversible  propeller,  the  movement  of  the 
boat  being  altered,  while  the  engines  run  continuously  in  the  same 
direction.  The  reversal  of  the  propeller  blades  is  obtained  by  a 
hand  wheel  near  the  steering  gear,  the  direction  of  rotation  of  the 
screw  shaft  not  being  affected,  as  in  other  engines.  Messrs.  Da  vies 
&  Go.  also  make  oil  kiunch  engines  under  the  "  Day  "  patent. 

In  the  Forest  motor  the  rotation  of  the  engine  itself  is  reversed, 
and  not  that  of  the  screw  shaft.  These  ingenious  vertical  motors 
carry  a  valve  shaft  and  a  double  set  of  cams  for  reversing  the 
motion.  A  few  appear  to  be  made  in  France,  but  they  are  prac- 
tically unknown  in  other  countries. 

Portable  Engines. — Oil  motors  for  agricultural  work  have  of 
late  years  made  much  progress.  They  are  beginning  to  compete 
with  steam,  and  all  the  imi)Ortant  firms  in  England,  America,  and 
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on  the  Oontinent  haye  taken  up  their  manufacture.  Gas  enginea 
are,  of  course,  useless  in  the  country,  where  the  chief  demand  for 
this  class  of  engine  arises,  because  there  are  no  mains  or  gas  works 
at  hand.  Steam  engines  must  have  a  boiler,  and  a  provision  of 
water  and  fuel.  Portable  oil  motors  are  easily  handled,  compact, 
light,  and  require  only  two  small  tanks,  one  for  oil,  one  to  hold 
water  for  the  cooling  jackets ;  the  latter  is  now  sometimes  re- 
placed by  air  cooling.  They  are  easily  and  quickly  started  and 
stopped,  and  oil  may  be  procured  anywhere.  The  chief  draw- 
backs to  their  use,  their  smell  and  rather  fragile  construction, 
have  been  practically  overcome.  For  portable  engines  petroleum 
is  much  to  be  preferred  to  lighter  oils,  because  a  certain  quantity 
must  be  carried.  Motors  igniting  the  charge  spontaneously,  with- 
out an  external  flame,  have  also  a  considerable  advantage  in  open 
windy  places  over  those  carrying  an  exposed  light,  which  o&en 
goes  out. 

Berlin  Trials. — Three  important  series  of  trials  of  portable  and 
stationary  oil  engines,  with  special  reference  to  agricultural  work, 
were  made  in  1894,  in  Germany  at  Berlin  by  Professors  Schottler 
and  Hartmann,  in  France  at  Meaux  by  M.  Kingelmann,  and  in 
England  at  Cambridge.  The  reports  of  these  trials  give  full 
particulars  of  the  different  engines  submitted  to  the  tests.  In  the 
Berlin  trials  twenty-seven  engines,  portable  and  stationary,  of 
2  to  12  H.P.,  were  exhibited  by  fifteen  different  firms.  All  the 
most  important  German  makers  were  represented,  and  one  Eng- 
lish firm.  The  engines  were  repeatedly  and  severely  tested  with 
American  or  Russian  oil  of  0*80  to  0*82  density,  and  the  consump- 
tion of  oil  per  B.n.P.  per  hour  determined  at  half,  full,  and 
maximum  power.  The  time  required  to  get  the  engine  into  full 
work,  the  number  of  explosions  missed,  the  extent  to  which  the 
horse-power  could  be  increased  beyond  normal  full  power,  to  meet 
unforeseen  demands,  supervision  required  from  the  attendants, 
steadiness  of  external  flame,  and  cleaning  after  a  prolonged  run, 
were  all  noted.  Particular  attention  was  paid  to  the  build  of 
the  engine,  to  avoid  vibration  with  the  wheels ;  shielding  of  the 
lamp  from  sudden  extinction  by  wind ;  method  of  cooling  the 
cylinder,  quantity  of  cooling  water  required,  and  efficiency  of 
the  jacket.  It  was  found  that  unless  the  latter  was  in  satisfactory 
working  order,  the  cylinder  either  became  too  much  cooled  and 
the  heat  efficiency  was  reduced,  or  too  little  heat  was  carried  off 
and  the  engine  worked  badly.  Details  of  most  of  these  careful 
tests  will  be  found  in  i  ables  7  and  8. 

Meaux  Trials. — Eight  portable  engines  took  part  in  the  Hoaux 
trials — two  English,  three  French,  two  German,  and  one  Swiss 
motor.  The  same  Russian  oil  of  0*82  density  was  used  throughout, 
and  the  power  was  limited  to  4  H.P.  It  was  found  that  the 
general  classification  of  the  engines  by  the  judges,  with  respect  to 
their  economy  and  excellence  of  construction,  followed  the  heat 
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efficiency  per  B.H.P.,  or  the  ratio  of  heat  turned  into  actual  work 
to  total  heat  supplied.  The  experiments  were  on  the  same  lines  as 
those  at  Berlin,  and  the  results  in  the  original  report  are  plotted  in 
curves,  and  shown  in  diagrams.  The  quantity  of  air  required  for 
combustion  was  determined  from  the  number  of  explosions,  the 
volume  of  the  piston,  and  the  consumption  of  oil.  When  the  actual 
volume  of  air  was  in  excess  of  this  theoretical  quantitj,  the  ex- 
plosions were  weak ;  when  it  fell  below  it,  imperfect  combustion 
was  the  result.  Variations  in  the  speed  were  also  noted.  Details 
of  these  excellent  trials  are  given  in  Tables  7  and  8. 

Cambridge  Trials. — The  trials  of  oil  engines  at  Cambridge 
were  in  connection  with  the  Royal  Agricultural  Society,  and 
fifteen  engines  were  entered  for  competition.  These  included  most 
of  the  best  English  makers,  but  no  foreign  motors  were  exhibited 
In  these  trials,  as  at  Berlin,  the  primary  object  was  to  determine 
how  far  oil  engines  could  be  relied  on  for  farm  work  when  handled 
by  unskilled  labourers,  and  simplicity  of  design,  strength,  durability, 
stability,  and  freedom  from  internal  fouling,  were  specially  tested. 
The  engines  were  first  run  on  the  brake  for  three  days  of  ten  hours, 
then  with  full  load,  without  any  intermediate  cleaning.  None 
exhibited  any  traces  of  soot  or  dirt,  though  in  all  the  oil  was 
vaporised  in  a  different  way.  Russian  oil  was  used,  of  0*82  specific 
gravity,  and  the  power  was  fixed  at  from  4  to  16  B.H.P.  The 
Hornsby  and  the  Crossley  were  commended  for  economy,  efficiency, 
and  steadiness.  The  portable  engines  exhibited  by  these  firms 
were  also  the  best,  with  the  lowest  consumption  of  oil  per  B.H.P. 
hour.  Most  of  the  engines  exhibited  were  good,  but  the  examiners, 
both  English  and  foreign,  in  the  three  series  of  trials  at  Berlin, 
Meaux,  and  Cambridge,  were  of  opinion  that  in  all  there  was  room 
for  improvement.  For  detailed  results  see  Table  of  Tests,  Nos. 
7  and  8. 

Road  Motor  Carriages. — The  latest  development  of  oil  engines, 
and  one  which  has  excited  perhaps  more  public  interest  than  any 
other,  is  their  use  to  propel  road  carriages  and  cycles.  The  law 
prohibiting  the  use  on  roads  in  England  of  mechanical  carriages 
driven  at  more  than  four  miles  an  hour  was  repealed  in  Noveml^r, 
1896,  and  this  has  given  a  very  great  impulse  to  their  manufacture. 

The  subject  of  mechanically  driven  carriages  has  now,  however, 
become  far  too  large  to  be  done  justice  to  in  this  book,  and 
requires  a  volume  to  it8el£  Tens  of  thousands  of  these  little 
vehicles  are  in  use  in  France ;  in  England,  where  the  public  has 
been  much  slower  to  adopt  them,  they  may  be  counted  by  thousanda 
A  great  many  exhibitions  have  been  held,  which  have  served  to 
familiarise  many  people  with  the  use  of  these  carriages,  and  to 
reveal  the  defects  which  must  be  corrected,  before  they  can  be 
generally  adopted.  In  several  of  these  competitive  trials  the 
author  has  acted  as  judge,  but  much,  in  his  opinion,  still  remains 
to  be  done.     It  is  impossible  in  these  pages  to  do  more  than  thus 


ROAD   MOTOR   CARRIAGES.  431 

indicate  in  a  few  words  the  progress  which  has  hitherto  been 
made.  The  noise  and  constant  trembling  ot  the  whole  carriage, 
due  to  the  great  speed  of  the  small  engine,  is  tlie  chief  objection  to 
them  at  present.  The  smell  is  also  not  at  all  agreeable.  Table  9 
gives  a  summary  of  some  of  the  latest  English  tests  on  these 
interestiug  carriages  for  passengers  and  goods,  both  by  the  lioyal 
Agricultural  Society  and  by  the  Automobile  Club.'"' 

The  Daimler  motor  carriage  is  made  in  Germany,  and  in  France 
by  MM.  Fanhard  and  Levassor,  and  Peugeot  Fr^res.  The  engine  has 
two  cylinders  inclined  at  an  angle  of  about  15'*  to  the  crank  shaft, 
and  is  similar  in  type  to  the  petroleum  motor  already  described. 
The  gearing,  as  in  boats,  is  by  pulleys  and  friction  coupling,  con- 
necting to  a  shaft  which  actuates  the  rear  wheels  of  the  carriage. 
The  engine  runs  at  a  speed  of  600  to  1000  revolutions  per  minute, 
and  is  disconnected  from  the  driving  shaft  during  a  short  stoppage. 
The  cooling  water  is  contained  in  a  small  tank  under  the  seat, 
and  is  sometimes  circulated  through  the  framework  of  the  carriage. 
In  some  engines  there  is  no  water  jacket,  but  the  cylinder  is 
ribbed  externally,  to  afford  a  large  air  cooling  surface.  There  are 
two  brakes,  a  hand  and  a  foot  brake.  The  driving  shaft  has  a 
slide  and  wheels,  which  work  on  three  other  wheels  on  a  shaft  above, 
commanding  three  different  speeds.  The  direction  of  the  carriage 
is  changed  by  a  conical  wheel  on  the  upper  shaft,  acting  on  two 
loose  wheels.  Between  them  is  a  sleeve  with  teeth,  which  produces 
a  forward  or  back  motion,  according  to  the  wheel  with  which  it 
engages.  This  transverse  shaft  carries  a  pinion,  acting  on  the 
axles  of  the  two  hind  wheels. 

In  the  Daimler  motor  car,  as  generally  made  in  England,  four 
speeds  are  available,  and  changes  of  speed  are  obtained  by  the 
action  of  spur  "v^eels.  The  carriage  can  be  driven  up  to  16  miles 
an  hour,  but  from  8  to  12  miles  is  the  average.  It  will  ascend  a 
gradient  of  1  in  10,  and  sufficient  oil  can  be  carried  for  a  distance  of 
200  miles.  See  Table  9  for  consumption  of  oil,  speed  on  the  road, 
4ka  Numbers  of  makers  now  construct  oil  engines  for  use  with 
motor  carriages,  and  the  types  are  very  varied. 

The  author  has  also  seen  oil  engines  used  in  Switzerland  for 
transporting  railway  carriages  from  one  set  of  rails  to  another. 
These  engines  work  to  and  fro  at  right  angles  to  the  ordinary  rails. 
Gas  engines  for  large  powers  in  all  kinds  of  engineering  and  other 
works  where  power  is  required,  are  now  extensively  adopted,  being 
more  economical  and  convenient  than  steam.  For  example,  at  the 
large  works  of  Messrs.  Armstrong  and  Whitworth,  Newcastle, 
about  30  gas  engines  driven  both  with  lighting  and  power  gas,  are 
used.  See  also  p.  96  on  the  application  of  gas  engines  for  power 
purposes  in  engineering  works.  Other  applications  of  oil  and  gas 
engines  are  for  driving  boiler  feed  pumps. 

*  At  the  Paris  Exhibition  of  1900  there  are  many  hundreds  of  motor  cars, 
oil,  steam,  and  electric,  but  the  greater  number  are  driven  by  light  oils. 
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PART  III. 
AIR    ENGINES. 


CHAPTER  XXV. 

C05TX5T8.  —Theory—  Cay  ley—  Buokett  —  Stirling's  First  Elngine — Stirling's 
Second  Engine — Robinson— Later  Type — Encsson — Wenham — Bailey— 
Jahn — Rider — Jenkin's  Regenerative  £aigine — B6nier — Genty. 

Theory. — In  dealing  with  oil  engines  no  mention  has  been  made 
of  the  theory  of  heat  motors,  and  of  their  theoretical  and  actnal 
heat  efficiencies,  Jec.,  because  in  these  respects  oil  and  gas  engines 
are  based  on  the  same  principles.  The  effects  of  an  explosion  of 
coal  ffas  with  air,  or  oil  vapour  with  air,  when  mixed  in  the 
cylinder  of  an  engine,  are  more  or  less  similar,  as  also  the  data, 
from  which  the  heat  efficiencies  are  calculated.  When  we  consider 
hot  air  engines,  the  conditions  are  different.  There  is  no  explosion, 
and  no  great  rise  or  fall  of  temperature.  A  certain  quantity  of 
heat  is  applied  to  air,  which  expands  and  drivesia  piston,  doing 
work.  Iso  boiler  is  needed,  nor  is  any  cost  incurred  for  gas  or  o3 
from  a  tank,  the  air  as  working  agent  being  taken  from  the 
surrounding  atmosphere.  There  is  no  risk  of  explosion  from 
inflammable  gas  or  oil  vapour.  No  change  of  physical  state  in  the 
working  agent  takes  place,  and  therefore  all  the  heat  generated  and 
imparted  to  the  air  can,  in  theory,  be  utilised  in  work.  The  two 
main  sources  of  waste  of  heat  in  gas  engines  are  the  cooling  water 
jacket  and  the  exhaust.  In  a  hot  air  motor  there  is  no  jacket 
(unless  as  a  refrigerator),  and  therefore  less  he«t  should  be 
dissipated,  and  more  available  for  work.  From  these  considera- 
tions, therefore,  it  seems  as  though  a  hot  air  engine  must  be  not 
only  better  in  theory,  but  more  economical  in  practice,  than  other 
forms  of  heat  motors. 

Such,  however,  is  not  the  case.  Practically,  hot  air  engines 
do  not  give  results  as  satisfactory  as  might  have  been  expected. 
Though  the  first  engine  of  this  type  was  designed  in  1807,  com- 
paratively few  have  since  been  made,  and  their  construction  has 
not  been  much  developed,  except  for  special  purposes.     The  reason 
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for  this  neglect  may  probably  be  found  in  their  low  actual  efficiency 
— that  is,  the  amount  of  heat  they  turn  into  work.  In  theory  the 
whole  of  the  heat  furnished  to  the  air  being  utilised  in  expansion, 
a  high  rate  of  efficiency  should  be  obtained.  Practically,  expan- 
sion cannot  be  continued  to  the  pressure  of  the  atmosphere,  and, 
therefore,  some  heat  remains  in  the  air,  and  is  wasted  at  exhaustb 
The  theoretical  heat  efficiency  of  an  engine  depends  upon  the  range 
of  temperature — that  is,  its  highest  and  lowest  working  tempera- 
tures. But  if  heat  be  added  to  the  air  up  to  900*  F.,  and  if  the 
temperature  of  exhaust  is  600"  P.,  only  the  difiference,  or  300*,  will 
be  spent  in  expansion,  and  heat  equivalent  to  600*  will  be  wasted. 
As  in  gas  motors,  the  difficulty  consists  in  utilising  the  expansive 
force  of  the  agent,  or  air.  Since  expansion  cannot  be  unlimited, 
only  a  certain  proportion  of  the  heat  imparted  can  be  turned  to 
account  as  work.  If  it  were  possible  by  expansion  to  reduce  the 
air  in  a  hot  air  engiDC  to  the  temperature  it  had  before  entering 
the  cylinder,  an  efficiency  of  about  59  per  cent,  might,  according 
to  Professor  Jenkin,  be  realised ;  the  actual  heat  efficiency,  or  per- 
centage of  work  done  to  total  heat  received  in  these  engines,  is 
only  &om  7  to  10  per  cent.  The  Stirling  engine  worked  between 
the  temperatures  343*  C.  and  65*  C.  The  theoretical  efficiency, 
according  to  the  formula  at  p.  229,  was 

T,-To  343* -65*  278 

-T— '  ^'  343*  +  273*  (abs.)-616  (abs.)'=*^  P^'  ^^*- 

The  actual  efficiency  (see  p.  439)  was  7  per  cent. 

Diffiotilties  of  Hot  Air  Engines. — To  increase  the  efficiency 
and  check  the  source  of  waste  in  these  engines — that  is,  the  hiffh 
temperature  of  the  exhaust — the  only  method  would  appear  to  be 
to  increase  the  ratio  of  expansion,  and  this  can  only  be  done  by 
raising  the  initial  compression  of  the  air.  But  this  does  not 
produce  any  real  advantage,  because  the  pressure  which  is  expended 
must  be  deducted  from  the  pressure  exerted  upon  the  piston. 
To  compress  the  air  before  it  is  admitted  to  the  cylinder  requires 
a  certain  amount  of  negative  work,  or  work  done  on  the  working 
agent.  The  further  compression  is  carried  the  greater  the  pro- 
portion of  negative  work,  and  the  lower  the  proportion  of  positive 
work,  or  work  done  by  the  air.  If  the  air  be  compressed  to  100 
lbs.,  65  per  cent,  of  the  work  would  be  required  in  theory  to  obtain 
this  compression.  It  is  also  difficult  to  prevent  leakages  where 
high  pressures  of  air  are  used,  and  to  keep  all  the  parts  of  the  engine 
perfectly  air-tight,  while  to  obtain  an  efficient  working  pressure 
it  is  necessary  to  use  a  large  body  of  air.  Air  is  a  very  bad  con- 
ductor and  does  not  absorb  heat  readily,  and  it  expands  in  com- 
parison with  its  bulk  much  more  slowly  than  steam.  In  the 
Ericsson  air  engine,  the  pressure  was  only  3  lbs.  per  square  inch. 

Hot  air  engines  are  therefore   bulky,  and  seldom  suitable  to 
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replace  steam  or  gas.  Their  special  advantages  are — 1.  Ease  in 
working.  2.  Absolute  safety.  For  these  reasons  they  are  often 
employed  for  driving  fog  signals  on  lightships,  lighthouses,  and  in 
other  isolated  places,  where  these  advantages  outweigh  the  defects. 
They  are  also  used  for  domestic  and  other  purposes,  namely,  pump- 
ing, sawing,  printing,  driving  tools,  for  small  powers,  Ac  As  the 
price  of  gas  and  oil  is  reduced,  and  explosive  motors  more  cheaply 
driven,  air  engines  are  likely  to  be  more  and  more  discarded  in 
their  fkvour. 

Oayley-Buokett. — The  earliest  air  or  caloric  engine  was  in- 
troduced by  Sir  G^eorge  Cay  ley  in  1807,  and  patented  by  him  in 
1837.     The  original   design   has   been   adopted  by   Mr.    Buckett, 


Fig.  141. — Buokett  Air  Engine — Single  Cylinder. 

and  practically  the  same  engine  is  made  by  the  Caloric  Engine 
Company.  Fig.  141  gives  a  modified  view  of  the  Cayley-Buckett 
Caloric  engine.  It  consists  of  two  distinct  parts,  like  the  boiler 
and  motor  cylinder  of  a  steam  engine.  A  is  the  working  cylinder 
containing  the  piston  P, .  B  is  the  furnace  in  which  the  air  is 
heated.  Above  the  motor  cylinder  is  a  second  pump  cylinder  J, 
into  which  air  is  admitted  through  the  valve  M,  and  compressed 
by  the  action  of  the  piston  P^.  The  two  pistons  are  connected  to 
each  other,  and  the  up  expansion  stroke  of  the  one  forms  the 
compression  stroke  of  the  other.     The  air,  after  being  compressed 
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in  J,  passes  throagh  the  valve  I  and  down  the  passage  d  in  the 
direction  of  the  arrows,  till  it  reaches  a  cylindrical  valve  c,  directly 
controlled  by  the  governor  G  above  it.  Here  the  current  of 
compressed  air  is  divided.  Part  of  it  passes  down  the  passage  g, 
between  the  fire-brick  lining  W  of  the  furnace  and  the  outer  casing, 
and  is  admitted  through  holes  at  the  bottom  of  the  grate  to  the 
furnace  B,  where  it  stimulates  combustion.  The  rest  passes 
through  the  upper  part  of  the  valve,  enters  above  the  furnace  at^ 
as  shown  by  the  arrows,  and  mingling  with  the  products  of  com- 
bustion, prevents  the  escape  of  unburnt  carbon.  From  here  the 
hot  air  and  products  are  carried  off  through  the  passage  h  into  the 
motor  cylinder,  where  by  expansion  they  drive  up  the  piston  P. 
They  are  admitted  through  a  lift  valve  V  which,  as  well  as  the 
exhaust  valve  E  on  the  opposite  side  of  the  cylinder,  is  driven  by 
valve-rods,  levers,  and  cams  from  the  crank  shaft  K.  Goal  is  fed 
into  the  furnace  through  the  hopper  H  and  the  door  D.  During 
this  time  the  valve  K  closes  the  top,  to  maintain  the  air  pressure 
in  the  furnace  daring  stoking.  By  opening  the  cock  at  r  a  portion 
of  the  hot  air  enters  the  hopper,  and  the  pressure  is  equalised  As 
soon  as  D  is  closed,  B  is  lowered  into  the  furnace  by  the  chain  s. 
Combustion  is  regulated  by  passing  more  air,  either  under  the 
furnace  at  g,  or  over  it  at /.  If  the  speed  is  too  great,  the  governor 
acts  upon  the  cylindrical  valve,  and  checks  combustion  by  forcing 
the  greater  part  of  the  air  to  mingle  with  the  products  of  combus- 
tion from  the  fire.  The  Gayley-Buckett  engine  htfs  no  regenerator, 
but  by  an  ingenious  arrangement  the  cold  air,  after  being  com- 
pressed in  J,  is  led  round  the  valve  Y,  admitting  the  hot  air  and 
ases  to  the  motor  cylin- 
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er.  Thus  the  valve  is 
kept  cool,  and  the  fresh 
charge  of  air  heated  on  its 
way  to  the  furnace.  The 
air  being  exhausted  at 
each  stroke,  a  closed  cycle 
cannot  be  obtained.  Atmotph,  jftan  Pre«^/*j»5. 

Trials. — In  a  trial  on  Pig.  142.— Buoketb  Air  Engine— 

a  12   H.P.  nom.    double-  Indicator  Diagram, 

cylinder  vertical  Buckett 

engine,  the  difficulties  of  this  class  of  motor  were  well  shown. 
The  gross  I.H.P.  was  41-24  and  the  pump  I.H.P.  21-04.  Thus 
more  than  half  the  power  was  employed  in  negative  work, 
leaving  only  20-2  H.P.  for  working  the  engine.  The  B.H.P.  was 
14-39,  and  mechanical  efficiency  only  71  per  cent.  The  mean 
pressure  on  the  pistons  was  18*5  lbs.,  on  the  pumps  16*78  lbs.  per 
square  inch.  The  coke  consumption  was  2-54  lbs.  per  B.H.P.  per 
hour,  and  only  about  8  i>er  cent,  of  the  total  heat  supplied  was 
turned  into  work.  The  engine  ran  at  61  revolutions  per  minute, 
the  diameter  of  the  working  cylinders  was  24  inches,  of  the  pumps 
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18  inches,  stroke  16  inches.  Fig.  142  gives  sn  indicator  diagram 
of  the  engine.  A  motor  similar  to  the  Cayley-Buckett  was  de- 
scribed with  illustrations  in  Engineering  in  1887. 

Stirling. — ^The  first  application  of  the  principle  of  the  re- 
generator to  heat  engines  is  due  to  Robert  Stirling,  a  Scotch 
minister,  who,  with  his  brother  James  Stirling,  an  engineer,  took 
oat  seTeral  patents  for  heat  motors,  the  first  dating  firom  1827. 
Stirling's  doable  merits  as  an  inventor  have  not  antil  lately 
received  saflELeient  recognition  from  scientific  men,  perhaps  because 
he  was,  like  many  other  pioneers,  in  advance  of  his  time.  He  first 
endeavoured  to  carry  into  practice  the  principle  of  a  perfect  heat 
engine  (Camot's  cycle),  and  he  also  designed  the  regenerator.  In 
a  perfect  heat  motor  the  same  quantity  of  heat  is  imparted  to  and 
withdrawn  from  the  working  agent,  so  that  at  the  close  of  the  cycle 
it  returns  to  its  original  state,  and  the  series  of  operations  may  be 
reversed.  Robert  Stirling  obtained  this  perfect  theoretical  cycle 
by  means  of  the  second  great  improvement  he  introduced,  the  use 
of  a  regenerator,  in  which  the  heat  of  the  working  agent  (air)  is 
stored  as  it  leaves  the  cylinder,  and  refunded  afterwards,  as  it 
returns  to  the  furnace.  Many  scientific  men  are  of  opinion  that 
the  proper  development  of  the  principle  of  the  regenerator  affords 
the  chief  possibility  of  improving  the  working  cycle  of  heat  motors^ 
but  it  does  not  seem  of  late  years  to  have  been  successfully  applied 
to  internal  combustion  engines.  The  regenerator  has  been  in- 
geniously called  a  "  filter,'*  because  both  the  hot  and  cold  charge 
are  "filtered,"  or  passed  through  it  at  their  highest  and  lowest 
temperatures.  It  is  intended  to  diminish  as  far  as  possible  the 
waste  of  heat  at  exhaust  It  acts  by  arresting  and  storing  the  heat 
remaining  in  the  working  fluid  after  expansion,  instead  of  allowing 
it  to  escape  to  the  atmosphere,  and  gives  back  this  heat  to  the  next 
charge  in  its  passage  to  the  cylinder.  The  result  is  obtained  in 
this  case  by  making  the  hot  gases  pass  through  thin  metal  plates, 
wire  gauze,  or  other  heat  absorbing  substances,  to  which  they  give 
up  their  heat,  and  carrying  the  cold  charge  back  through  the  same 
metal  to  receive  heat  from  it. 

Stirling's  First  Engine. — Stirling  took  out  two  patents  for 
hot  air  engines  working  with  a  regenerator.  In  the  first,  dated 
1827,  he  proposed  to  have  a  motor  cylinder  and  piston,  an  air  pump 
and  two  hot  air  vessels.  The  vertical  motor  cylinder  and  air  pump 
were  attached  to  a  horizontal  beam  driving  the  crank ;  an  eccentric 
and  parallel  motion  worked  the  pistons  of  the  air  vessels  through  a 
balance  beam.  £ach  of  these  vessels  or  cylinders  contain^  a 
plunger  piston  composed  of  thin  metal  plates  forming  the  re^ 
generator.  A  furnace  being  lighted  beneath  the  cylinders,  air, 
compressed  by  the  air  pump  into  a  receiver  in  the  base,  was 
admitted  at  the  bottom  to  start  the  engine  and  to  supply  the  loss 
by  leakage.  By  its  expansion  it  drove  up  the  motor  piston,  and  in 
its  passage  through  the  plungers  gave  some  of  its  heat  to  the 
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regenerator.  The  cylinder  covers  of  the  air  vessels  were  kept  cold, 
and  the  air  on  reaching  the  top  became  immediately  chilled.  The 
hot  air  cylinders  communicated,  the  one  with  the  bottom,  the  other 
with  the  top  of  the  motor  piston.  As  the  air  decreased  in  tempera- 
ture its  pressure  fell,  and  both  the  motor  piston  and  the  piston  of 
one  of  the  air  vessels  descended.  At  the  same  time  the  air  in  the 
other  cylinder,  being  heated,  expanded,  and  by  its  pressure  drove 
down  the  piston  of  the  motor  cylinder.  Each  time  the  cold  air 
descended,  it  passed  through  the  regenerator,  and  became  heated 
afresh. 

In  Fig.  143  a  modified  view  of  this  engine  is  shown.  A  is  the 
motor  cylinder  and  P  the  piston,  B  the  air  or  displacer  cylinder, 
and  Da  plunger  piston 
working  in  it,  F  the 
space  where  the  air 
is  heated  by  the  fire. 
The  plunger  or  dis- 
placer D  is  filled  with 
brick -dust,  or  other 
non-combustible  ma- 
terial The  circular 
regenerator  Bis  round 
D,  and  consists  of 
metal  plates  about 
-^  inch  in  thickness 
and  ^  inch  apart. 
£  is  the  refrigerator 
at  the  top  of  cylinder 
B,  and  is  formed  of 
coils  of  copper  tubes 
through  which  cold 
water  circulates;  the 
hot  air  from  the  dis- 
placer cylinder  acts 
on  the  motor  piston. 
The  cycle  of  the 
engine  is  as  follows: 
— When  the  displacer 
piston  is  at  the  top  of 
cylinder  B,  all  the  air 


Fig.  143.— First  Stirling  Engine.    About  1830. 


is  below  it  in  F,  heated  by  contact  with  the  fire.  As  the  air  expands, 
its  pressure  is  transmitted  to  the  working  cylinder,  and  it  drives 
up  the  piston  P.  The  displacer  piston  is  now  driven  down,  and 
forces  the  air  below,  through  the  regenerator,  into  the  vessel  and 
refrigerator  at  the  top  of  cylinder  B.  While  the  displacer  is  in 
its  lowest  position,  the  motor  piston  comes  down.  The  air  in  B, 
which  has  already  transferred  the  greater  part  of  its  heat  to  the 
regenerator,   is  further  compressed,  and    passes  around   the  re- 
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frigerator  pipes  £,  where  it  is  cooled,  the  heat  from  the  fiimace 
being  shut  out  hj  the  non-conducting  material  in  D.  Bj  the 
energy  of  motion  left  in  the  flywheel,  D  is  lifted,  and  beginniDg 
to  rise  forces  down  the  cold  air  above  it  through  the  regenerator, 
where  heat  is  added  to  it  before  it  reaches  the  furnace.  The  motor 
piston  P  is  driven  up  by  its  expansion,  and  the  cycle  recommences. 
Stirling's  Second  Engine. — In  Stirling's  second  engine,  intro- 
duced in  1840,  Patent  No.  8652,  the  regenerator  and  refrigerator 

are  placed  on  one  side  of  the 
cylinder.  Fig.  144  shows  the 
arrangement,  the  parts  are 
lettered  as  before.  C  is  the 
displaoer  cylinder,  D  the 
plunger,  F  the  space  below  it, 
A  the  passage  leading  to  the 
motor  cylinder.  £  is  the 
refrigerator  cooled  by  water, 
I  the  passage  to  the  regener- 
ator. The  action  of  the  engine 
is  the  same  as  before.  There 
are  one  motor  and  two  hot 
air  cylinders.  The  air  is  de- 
livered into  the  cylinder  by  a 
small  pump  at  a  pressure  of 
150  lbs.  per  square  inch,  and 
passes  through  the  regener- 
ators from  one  hot  air  cylinder 
to  the  other,  driving  the  motor 
piston  up  and  down  in  its 
passage.  There  is  no  exhaust, 
the  same  air  being  used  con- 
tinuously, and  a  closed  cycle 
is  thus  obtained.  This  engine 
presents  in  a  compact  form 
the  main  principles  of  Stir- 
ling's invention,  and  illus- 
trates better  than  any  other 
type  of  motor  the  construc- 
tion of  a  perfect  heat  engine. 
Here  we  have  the  source 
of  heat  (the  furnace),  the 
source  of  cooling  (the  refrigerator),  and  between  the  two  the 
regenerator,  which  abstracts  heat  as  the  air  passes  to  the  re- 
frigerator, and  refunds  it  as  it  returns  to  the  source  of  heat. 
One  of  Camot's  chief  propositions  is  here  put  in  practice.  Heat 
is  imparted  to  the  working  agent  at  its  highest  temperature, 
and  withdrawn  at  its  lowest.  In  both  cases  its  temperature, 
previous  to  this  addition  and  subtraction  of  heat,  is  raised  and 


Fig.  144.— Second  Stirling  Engine.   1840. 
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lowered  by  the  regenerator.  A  perfect  reyersible  heat  engine  was 
the  result,  but  in  practice  it  did  not  work  well,  and  only  about 
7  per  cent,  of  the  total  heat  produced  was  utilised  as  motive 
power.  A  Stirling  engine  was  used  to  drive  machinery  for  three 
years  at  the  Dundee  Foundry.  It  indicated  40  H.P.,  had  a 
cylinder  diameter  of  16  inches,  and  4  feet  stroke,  and  required 
about  2^  lbs.  coal  per  H.P.  per  hour. 

Bobinson. — A  small  engine  embodying  Stirling's  principles 
was  brought  out  by  Robinson,  and  made  by  Messrs.  Pearce  k  Co. 
of  Manchester.  It  is  very  compact,  with  one  vertical  single-acting 
cylinder  containing  two  pistons.  The  lower  is  the  displacer  and 
regenerator,  and  is  filled  with  wire  gauze,  acting  in  the  same  way 
as  in  the  Stirling  engine.  The  section  of  the  cylinder  in  which 
the  displacer  moves  to  and  fro  is  lined  with  fire-brick,  to  retain  the 
heat.  In  the  upper  part  of  the  same  cylinder  is  the  working  piston, 
and  here  the  cylinder  is  surrounded  by  a  water  jacket,  to  serve  as 
a  refrigerator.  The  two  pistons  work  through  connecting-rods  on 
two  different  cranks  at  right  angles  to  each  other;  the  crank  of 
the  displacer  is  in  advance  of  the  motor  crank,  and  the  displacer- 
rod  works  through  a  stuffing  box  in  the  motor  piston.  Instead  of 
a  grate  and  coal,  in  which  much  heat  is  dissipated,  the  temperature 
of  the  working  agent  is  raised  by  a  Bunsen  burner,  fed  with  air 
heated  by  passing  through  a  jacket  outside  the  chimney  carrying 
ofiP  the  products  of  combustion.  When  the  displacer  piston  is  at 
the  top  of  its  stroke,  all  the  air  below  it  is  heated  by  the  burner, 
expands,  and  drives  up  the  motor  piston.  As  the  displacer  comes 
down,  it  forces  the  air  to  pass  through  the  regenerator  into  the 
space  above,  between  the  two  pistons.  Some  of  its  heat  has 
already  been  carried  off  by  the  regenerator,  and  it  is  here  further 
cooled  by  contact  with  the  cold  water  jacket  of  the  refrigerator. 
The  pressure  falls,  and  the  working  piston  descends.  The  dis- 
placer now  rises,  and  the  cold  air  is  forced  down  through  the 
regenerator.  In  its  passage  it  regains  the  heat  it  had  parted  with, 
b^ore  it  reaches  the  hot  plate  above  the  Bunsen  burner,  where  it 
is  heated  afresh,  and  the  cycle  repeated.  In  this  engine  the  only 
cost  is  the  supply  of  gas  to  the  burner,  which  is  about  ^d.  an  hour 
for  a  1-man  power  engine.  The  air  pressure  is  low,  and  no  pump 
is  used  to  supply  loss  by  leakage;  the  power  produced  is  very 
small  for  the  size  of  the  engine.  The  largest  size  made  is  a  2-man 
power,  running  at  270  revolutions  per  minute;  the  cylinder 
diameter  is  8  inches,  length  of  stroke  5  inches.  A  drawing  of 
this  engine  is  given  in  Professor  Jen  kin's  valuable  paper  on 
''Gas  and  Caloric  'Enginea''  (Proceedirigs  o/the  Institution  of  Civil 
Engineer Sf  1883),  from  which  many  details  of  this  and  other  hot 
air  engines  have  been  taken. 

A  new  type  of  this  engine  has  lately  been  introduced  by  Messrs. 
Norris  k  Henty,  of  Manchester,  and  is  shown  at  Fig.  145.  The 
principle  of  the  motor  is  the  same,  but  the  position  of  the  two 
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pistonB  ii  different,  the  working  cylinder  being  horisontal,  the 
displmcer  vertical,  and  the  axes  of  the  two  in  the  same  plane.  B  is 
the  motor  cylinder  with  piston,  the  displaoer  A  has  a  hollow  per- 
forated piston  I  filled  with  wire  gaoze.  C  is  the  furnace  in  whidi 
any  fuel  can  be  used,  but  coke  is  preferable ;  for  very  small  powers 
a  gas  flame,  as  in  the  earlier  engine,  is  most  convenient.  There  is 
no  exhaust  chimney,  the  air  at  D  being  used  over  and  over  again. 


Fig.  145. — Robinson  Air  Engine. 


The  motor  piston  works  through  the  connecting  rod  H  and  crank 
pin  G  on  to  the  crank  shaft  E,  while  two  links  on  the  same  pin 
give  motion  to  a  lever  F,  which  works  the  displacer  piston.  The 
latter  is  one-fourth  in  advance  of  the  motor  piston.  There  is  said 
to  be  no  loss  of  air  by  leakage,  because  it  is  so  rapidly  cooled  by 
the  cold  surrounding  walls  that  the  pressure  falls  below  atmosphere 
during  the  out  stroke,  and  any  escaping  air  is  drawn  in  again  by 
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the  resulting  yacuum.  An  engine  of  |  H.P.  is  said  to  work  at  a 
cost  of  Id.  per  hour  per  H.P. 

One  chief  reason  for  the  low  pressures  and  small  amount  of  work 
obtained  £rom  the  Stirling,  and  its  fidlure  as  a  practical  engine,  was 
that  the  air  was  not  brought  into  direct  contact  with  the  heat  of 
the  furnace.  In  the  displacer  cylinder,  a  thin  metal  plate  inter- 
Tened  between  the  fire  and  the  hot  air,  the  bottom  of  which  was 
soon  burnt  bj  the  great  heat.  There  is  no  exhaust  in  engines  of 
this  type,  the  air  being  used  over  and  over  again,  and  the  pump 
only  replacing  loss  by  leakage,  but  this  advantage  is  counter- 
balanced by  the  difficulty  of  heating  the  air.  In  the  Oayley- 
Buckett  engine  it  is  passed  through  the  furnace  and,  mingled  with 
the  products  of  combustion,  drives  up  the  motor  piston,  and  is 
exhausted  after  expansion,  as  in  an  ordinary  heat  engine. 

Ericsson. — ^The  latter  type  of  motor  is  best  exemplified  in  the 
celebrated  engine  produced  by  Ericsson  in  1 826.  As  an  engineer, 
Ericsson  was  a  genius  not  inferior  to  Robert  Stirling.  During 
the  first  half  of  this  century  he  introduced  numerous  mechanical 
inventions,  and  is  said  to  have  designed  the  first  screw  propeller. 
In  his  engine  hot  air  was  used  in  conjunction  with  steam.  It  was 
drawn  into  a  furnace  below  a  steam  boiler,  and  after  producing 
combustion  of  the  fuel,  and  evaporating  the  water,  it  was  carried 
off,  together  with  the  products  of  combustion,  and  drove  up  the 
piston  of  an  air  cylinder  by  its  expansion.  On  its  way  it  passed 
through  a  regenerator.  In  an  alternative  engine  described  in  the 
same  patent,  it  was  proposed  to  mix  the  products  of  combustion 
ajid  the  hot  air  with  the  steam,  and  admit  them  alternately  at 
either  end  of  the  motor  cylinder,  as  in  an  ordinary  double-acting 
engine.  After  expansion,  they  were  exhausted  into  the  atmo- 
sphere. Thus  the  heat  was  applied  directly  to  the  air.  Of  course 
it  was  impossible  to  use  the  air  over  again,  since  it  was  required 
fresh  at  every  stroke,  to  support  combustion. 

These  two  engines,  the  Stirling  and  the  Ericsson,  form  two 
distinct  classes,  into  one  or  the  other  of  which  all  hot  air  engines 
can  be  divided.  In  the  first,  the  air  does  not  come  in  contact  with 
the  flame,  but  is  heated  by  conduction  and  by  the  regenerator,  and 
is  not  discharged  at  each  stroke.  In  the  second,  it  is  applied 
directly  to  feed  the  flame,  and,  mingled  with  the  products  of  com- 
bustion, produces  motive  power  by  expansion,  after  which  it  is 
exhausted.  In  both  engines  the  practical  heat  efficiency,  as  com- 
pared with  the  theoretical,  is  very  low.  Admirable  as  types,  they 
cannot,  for  the  amount  of  heat  they  turn  into  work,  be  ranked  with 
gas,  oil,  or  steam  engines.  The  chief  reasons  for  this  deficient 
utilisation  of  heat  have  been  already  explained.  A  large  quantity 
of  beat  must  be  added  to  the  air,  before  its  temperature  is  high 
enough  to  produce  a  proper  working  pressure.  This  necessitates 
large  cylinders,  that  a  sufficient  volume  of  air  may  be  heated,  and 
their   bulk,  weight,  and  friction  are  serious  drawbacks  to   the 
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extended  use  of  heat  motors  of  thiB  type.  In  a  Stirling  37  H.P. 
engine,  the  maximum  temperature  was  only  650*  F.,  and  the  weight 
1  ton  per  I. H.P.  The  consumption  of  eoal  per  effective  H.P.  is 
also  very  great,  especially  in  engines  of  the  Ericsson  type.  The 
600  H.P.  engine  originally  made  by  Ericsson  was  said  to  oonsume 
6}  lbs.  coal  per  H.P.  per  hour,  the  heating  sur&oe  of  the  regenerator 
was  4900  square  feet  In  the  Ericsson  engine  tested  by  Professor 
Norton,  the  I.H.P.  was  321,  and  consumption  of  anthracite  1*8  lb. 
per  I.H.P.  per  hour,  but  there  were  four  motor  cylinders,  each 
nearly  14  feet  in  diameter. 

Wenham. — The  Wenham  engine,  introduced  about  1873,  is  in 
some  respects  similar  to  the  Buckett  The  motor  is  of  the  Ericsson 
type,  and  the  air  is  heated  by  forcing  it  through  a  furnace  lined 
with  fire-brick,  after  which  it  passes  to  the  vertical  water-jacketed 
motor  cylinder,  driving  up  the  piston  by  expansion.  The  dis- 
tinctive feature  of  the  engine  is  that  the  upper  surface  of  the  motor 
piston  is  used  as  an  air  pump.  Air  is  admitted  into  the  top  of  the 
cylinder  through  an  automatic  lift  valve,  when  the  piston  is  in  its 
lowest  position,  and  the  pressure  has  consequently  fallen.  As  the 
piston  rises,  forced  up  by  the  expansion  of  the  heated  air  from 
below,  the  pressure  closes  the  valve,  and  as  soon  as  the  air  is  com- 
pressed to  15  lbs.,  it  forces  open  another  lift  valve,  and  passes  to 
the  furnace  at  the  aide.  In  the  passage  through  which  it  is  led  off 
is  a  valve,  connected  to  the  centrifugal  governor.  Here  the  current 
of  compressed  air  is  separated,  part  passing  over  and  part  beneath 
the  fire  grate,  to  stimulate  combustion.  The  governor  regulates 
the  proportions  of  the  two,  and  thus  the  rate  of  combustion,  and 
the  pressure  of  the  air  delivered  to  the  motor  cylinder.  Ordinary 
coal  is  burnt  as  fuel.  The  hot  air,  after  passing  upwards,  is  led  o^ 
mingled  with  the  products  of  combustion,  and  admitted  to  the 
bottom  of  the  motor  cylinder  through  a  lift  valve,  worked  by  a  cam 
on  the  main  shaft.  A  similar  cam  operates  a  second  lift  valve  for 
the  exhaust.  The  admission  and  discharge  ports  are  both  at  the 
bottom  of  the  cylinder.  The  engine  is  single-acting,  the  expansion 
of  the  hot  air  drives  up  the  piston,  it  descends  by  the  motion  of  the 
flywheel  and  by  the  pressure  of  the  air  stored  above  it,  and  drives 
out  the  burnt  products.  There  are  two  piston-rods,  both  working 
on  to  the  same  crank  shaft.  The  consumption  is  said  to  be  as 
much  as  8  lbs.  of  coal  per  H.P.  per  hour,  which  is  probably  the 
reason  why  these  engines  have  been  little  used.  A  description  with 
drawings  will  be  found  in  Proc,  Inst.  Mech.  Engs,  (London,  1873). 

Bailey. — The  Bailey  engine,  shown  at  Fig.  146,  is  constructed 
on  the  Stirling  principle.  The  products  of  combustion  pass  from 
the  furnace  to  the  displacer  and  power  cylinder,  where  they  mingle 
with  and  heat  the  air,  driving  the  piston.  The  cylinder  is  hori- 
zontal, but  in  most  respects,  and  especially  in  the  arrangement  of 
the  regenerator,  the  Bailey  resembles  the  vertical  Robinson  engine. 
There  is  one  long  cylinder,  Aj,  the  crank  end  of  which,  closed  by 


THE   BAILBT   AIR   ENOIKE. 


44a 


the  piston,  is  surrounded  by  a  water  jacket,  and  acts  as  a  refriger- 
ator. The  other  end  serves  as  the  heater  and  regenerator.  This 
cylinder  contains  two  pistons — P  the  motor,  working  on  to  the 
crank  by  a  connecting-rod,  c,  and  series  of  levers,  and  P^  the 
long  displacer,  the  connecting-rod  of  which  passes  through  the 
motor  piston,  and  works  on  to  a  separate  crank  at  right  angles  to 
the  main  crank.  The  displacer  P,  does  not  fit  closely  into  the 
cylindelr  A^,  but  a  small  passage  is  left  between  them,  shown  at  D. 
This  piston  is  used  merely  to  cause  the  air  to  travel  backwards 
and  forwards  in  the  cylinder;  all  the  work,  including  that  of  driv- 
ing the  displacer,  is  done  by  the  motor  piston.  At  H  is  a  steel 
casing  enclosing  the  inner  end  of  the  cylinder;  F  is  the  furnace. 
The  hot  gases  and  products  of  combustion  pass  upwards  from  the 
furnace  over  the  fire  bridge,  in  the  direction  of  the  arrows,  into  the 
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Fig.  146.— Bailey  Air  Engine. 

space  G  round  H,  and  the  burnt  products  are  carried  ofi*  through 
the  flue  0.  The  air  enclosed  in  the  space  L  becomes  highly  heated, 
and  drives  out  the  displacer.  As  it  reaches  the  narrow  opening  D, 
it  is  chilled  by  the  water  jacket,  and  before  it  has  passed  into  L^  on 
the  other  side  of  the  displacer  piston  P^,  it  has  parted  with  all  its 
heat.  As  the  air  cools  its  pressure  is  reduced,  the  working  piston 
and  displacer  make  their  return  stroke,  and  the  cold  air  is  drawn 
back  into  the  space  L,  to  be  reheated  first  by  the  steel  casing,  then 
by  the  furnace  gases.  Thus  the  heat  is  added  when  the  temperature 
of  the  air  has  already  been  raised  by  the  hot  end  of  the  cylinder, 
and  withdrawn  by  the  refrigerator  after  it  has  been  cooled  by  ex- 
pansion. 

The  Bailey  engine  is  said  to  be  based  on  the  designs  of  MM. 
Lehmann  k  Laubereau,  but  it  is  really  an  English  engine,  strictly 
modelled  on  the  Stirling  type,  though  the  idea  of  a  regenerator  is 
not  much  developed.  There  is  no  exhaust  for  the  hot  air,  which  is 
used  continuously,  and  the  loss  by  leakage  is  replaced  from  time  to 
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rifle,  and  the  air  is  again  displaced  and  transferred  from  the  cold  to 
the  hot  cylinder.  As  it  passes  back,  it  absorbs  heat  from  the  re^ 
generator,  and  more  heat  from  the  concave  part  F  in  the  motor 
piston,  which  forces  it  against  the  hot  walls  of  A.  When  it  reaches 
the  furnace  the  cycle  recommences. 


Fig.  148.— Rider  Air  Engine. 

The  chief  peculiarity  of  the  Rider  engine  is  that  the  motiTe 
power  is  not  only  generated  but  exerted  in  the  hot  cylinder,  above 
the  furnace.  This  is  not  a  desirable  arrangement.  In  all  his 
various  designs,  Stirling  was  careful  to  keep  the  motor  cylinder 
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cool,  and  even  in  the  modifications  of  his  engine  where  all  the 
operations  take  place  in  one  cylinder,  that  part  of  it  containing  the 
working  piston  is  cooled  by  a  water  jacket.  The  speed  in  the 
Rider  engine  is  from  100  to  140  revolutions  per  minute,  and  the 
maximum  pressure  about  20  lbs.  above  atmosphere. 

Jenkin's  Begenerative  Engine. — ^A  hot  air  engine  on  the 
Stirling  principle,  with  a  regenerator,  but  in  which  hot  air  passes 
directly  over  the  furnace  and,  mingled  with  the  products  of  com- 
bustion, drives  up  the  piston,  was  introduced  by  Fleeming  Jenkin, 
In  the  first  type  of  his  Fuel  Begenerative  engine,  patented  in  1874. 
coal  gas  and  hot  air  were  used  together  to  form  an  explosive 
charge.  This  vertical  engine  had  a  combustion  cylinder  with 
displacer  piston,  a  motor  cylinder  with  working  piston,  and  two 
pumps  for  compressing  the  air  and  gas,  all  driven  from  the  same 
crank  shaft.  The  combustion  cylinder  was  lined  with  fire-brick, 
and  had  below  it  a  chamber  formed  by  the  clearance  space,  and 
continually  maintained  at  a  white  heat  by  the  explosions  of  com- 
pressed gas  and  hot  air  taking  place  in  it.  The  displacer  piston 
contained  the  regenerator  of  fine  wire  gauze,  as  in  the  Stirling 
engine  ;  at  the  top  of  this  cylinder  was  the  cooling  chamber.  The 
air  from  the  air  pump  was  driven  into  the  upper  part,  and  forced 
downwards  through  the  regenerator  by  the  displacer  piston.  In 
the  combustion  chamber  it  mingled  with  the  coal  gas  or  petroleum 
admitted  into  the  cylinder  by  a  second  pump,  and  the  compressed 
air,  already  heated  by  its  passage  through  the  regenerator,  produced 
the  ignition  of  the  charge.  The  hot  gases  and  products  of  com- 
bustion expanded,  and,  entering  the  bottom  of  the  motor  cylinder 
at  a  high  pressure,  forced  up  the  piston.  The  exhaust  gases  were 
passed  through  the  regenerator  before  being  allowed  to  escape 
into  the  atmosphere.  A  drawing  of  this  engine  will  be  found  in 
Professor  Robinson's  book. 

A  second  regenerator  engine,  designed  by  Professor  Jenkin  and 
Mr.  Jameson  was  described,  with  drawings,  in  Professor  Jenkin's 
paper  already  referred  to.  Here  the  object  was  to  construct  an 
engine  of  the  Stirling  type,  but  in  which  the  heat  was  directly 
transmitted  to  the  motor  piston.  One  cylinder  only  was  used, 
the  upper  part  containing  the  refrigerator,  and  the  lower  the 
regenerator,  but  the  clearance  space  was  too  large,  and  there  was 
consequently  great  loss  of  pressure.  To  work  the  engine  a  coke 
fire  was  made  below  the  cylinder,  and  the  air  as  it  became  heated 
drove  up  the  pump  or  displacer.  As  it  expanded,  it  passed  through 
the  regenerator  round  the  circumference  of  the  cylinder.  Here 
heat  was  withdrawn  from  it,  and  it  became  still  further  cooled  by 
contact  with  the  refrigerator  or  water  jacket^  at  the  top  of  the 
cylinder.  The  contraction  of  the  cold  air  caused  it  to  pass  down- 
wards again  to  the  fire,  and  heat  was  restored  from  the  regenerator, 
and  from  the  fire-brick  lining  of  the  clearance  space.  This  engine 
did  not  go  beyond  the  experimental  stage. 
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Benier. — MM.  Bonier,  whoee  gas  engine  is  mentioned  at  p.  127, 
have  also  brought  out  a  hot  air  motor.  It  is  a  vertical  single-iactiii^ 
engine ;  the  piston-rod  works  through  a  horizontal  beam  on  to  tiie 
oonnecting-rod  and  crank.  Fig.  149  gires  an  external  view.  There 
is  one  motor  piston,  with  furnace  below ;  the  connecting-rod  azid 
crank  shaft  are  shown  to  the  left  in  the  drawing.  Another  rod,  bv 
means  of  a  rocking  lerer,  works  the  horizontal  air  pump,  seen 
through  the  opening  in  the  base  of  the  engine.  The  air  pomp  is 
■ingle-acting,  and  sends  a  current  of  air  at  each  stroke  to  the 
furnace  below  the  cylinder  through  a  slide  valve.  The  valve  works 
between  a  slide  face  and  cover,  and  has  openings  corresponding  to 
ports  in  the  cjlinder.  It  is  driven  by  a  cam  on  the  crank  sh&ft 
actuating  a  lever,  and  is  held  in  position  by  springs.  The  oentri- 
^S^  governor  inside  the  central  column,  worked  by  a  pulley  on 
the  crank  shaft,  acts  upon  a  small  crank  below  the  air  pump,  and 
closes  the  air  opening  from  the  pump  to  the  furnace  more  or  l&s 


Fig.  149.— Bonier  Air  Engine.     1886. 

according  to  the  speed.  The  air  is  drawn  cold  into  the  air  pump^ 
and  delivered  at  a  pressure  of  15  lbs.  per  square  inch  into  the 
furnace,  where  it  expands  and  acts  directly  upon  the  piston,  as  in 
engines  of  the  Ericsson  type.  The  greater  part  passes  downwards 
to  the  grate,  but  part  is  ingeniously  introduced  into  a  small  groove 
hollowed  out  in  the  cylinder.  The  motor  piston  is  very  long,  and 
the  lower  part  is  made  slightly  smaller  than  the  cylinder,  and  does 
not  exactly  fit  it.  In  the  space  thus  formed  round  the  lower  end 
of  the  working  piston,  the  current  of  cold  air  circulates,  keeps  the 
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went  faster. 

27 

O  ./ti 

043f 

do. 

do. 

Good  on  road ;  hill  not  good. 
4  nominal  H.P. 

16 

7  vJ» 

0-495 

Fnenniatic 

Worm 
wheels 

Motor  SupplT  Co. 

Good  on  road  and  on  hill. 

24 

sj^a 

0-523 

do. 

Wheels  and 

do. 

29 

chain 

«  V':i 

0-533 

^k>lld 

Belt  and 

Very  good  on  road  and  on  hill. 

21 

i-ubber 

chain 

Hewetson. 

lO  /3 

0-561 

do. 

do. 

On  road  good ;  hill  not  good. 
Hewetson. 

22 

11  ,6 

0-578 

Pneumatic 

Wheels  and 

belt 

Belt  and 

Boad  very  gootl ;  hiU  good. 

20 

1*2  ,:{ 

0-638 

Solid 

Good  on  hill  and  road. 

34 

rubber 

chain 

Automobile  Association. 

13/7 

1-000 

Pneumatic 

Wheels  and 
belt 

Good  on  road ;  hill  not  good. 
Automobile  Association. 

S6 

14/1 

1-040 

do. 

da 

Not  good  on  hill  and  road. 
Good  on  hill,  but  not  on  road. 

25 

15/0 

1-100 

do. 

do. 

36 

Automobile  Association. 

lG/9 

1-110 

do. 

Cogs 

On  hill  good ;  on  road  fair. 
Automobile  Association. 

1 

17,3 

1-200 

do. 

Belts  and 
chain 

Gooil  on  hill  and  road. 
Automobile  Association. 

81 

i»Vo 

1-260 

Solid 

do. 

Many  stops  on  road ;  hill  fair. 

23 

— 1_ 

rubber 

mile  run.      Spirit  as  above.      Same  Report. 


ij/ 

0280 

20Jr 

0-450 

21^ 

0-750 

— i- 

Iron 

Solid 
rubber 
Iron 


Wheels 

Wheels  and 
chain 
Wheels 


On  road  good.     10  H.P.  nom. 
Motor  Carriage  Supply.    Lorry. 
Post-offlce  Covered  Van. 
Good  on  road. 

Lorry.    Gooti  on  road.    6  U.P.N. 
Motor  Carriage  Co. 


AND  Coke.      Compound  Steam  Engine.      Same  Report. 


42 


43 


Good  on  road.      Steamer. 
Coke  fuel,  10/  per  ton. 
Good  on  road.      Steamer. 
Coal  fuel,  20/  per  ton. 


46 
41 


r8  mile  run.      Pro  Royal  Agricultural  Society,  1898. 

2^ 
2<l 

0180 
0-300 
0-360 

Solid 
rubber 
Iron 

do. 

Chain  and      Very  good  on  road, 
gear       ;    Oil  spirit,  T^d.  per  gallon, 
do.            Good  on  road.    176  lbs.  pressure. 

Coal  fuel  for  boiler,  20/  per  ton. 
do.        '    Few  stops.    200  lbs.  pressure, 
i    Oil  fuel  for  boUer,4|d.  per  gaU. 
1 

1 

14 

16 

16 

17-No.  of  Vertical  Columns.       |    18 
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f 

reign. 

Mechl 

Fael  nied  per  hour  per 

No. 

We,: 

rt. 

RlFKBBNCB,  Ac. 

I.H.P.          b:h.p. 

IbB.                Ibi. 



1 

71 

; 

1 

1-8       i        2-5 

Jenkin,  P.LCE.,  1883. 

2 

69 

31       ,        3-6 

if.r.i>./.,  vol.  xxxiii.,p.  89. 

3 

1       55 

1 

4-2       1        7-6 

Jenkin,  P,LC.E,,  1883. 
Sterling  type. 

4 

29 

not  given 

not  given 

Techy,  Qtiarterly,  1898,  U.  States. 

5 

35 

do. 

do. 

Compress  Cylinder  Diam . ,  6  '75  in.  \ 
Stroke,  8*60  in.                           / 

6 

33 

do. 

do. 

do. 

7 

42 

do. 

do. 

do. 

8 

38 

do. 

do. 

do. 

9 

43 

do. 

do. 

do. 

10 

— 

11 

39 

1 

do. 

do. 

do. 

27 

not  given 

not  given 

Techy.  Quarterly,  1898. 

12 

30 

do. 

do. 

do. 

13 

29 

do. 

do. 

do. 

I 

U 

12 

18 

14— No.  Of  VerUcal  ColumnB. 
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3  to 

49B.H.P. 

li  .. 

4  B.H.P. 

3" 

lOB.H.P. 
60B.H.P. 

EXPLANATIONS    OP    TEN    TABLES    OF    TESTS    OF    GAS 
AND    OIL    ENGINES. 

With  Town  or  Lighting  Gas,  Tables  Nos.  1  to  3,  with  Heat 
Efficienoies. 
Table  No.  L— Gives   32  Tests   on   diflFerent   English 

Engines  from 

Table  No.  2.— Gives  16  Tests  all  on  same  English 
Engine  (Prof.  Burstall)  from 
C  Gives  12  Tests  all  on   same   Grerman 
Table  No.  3. -I     Engine  (Prof.  Meyer)  from 

\  Also  7  Tests  on  different  Engines,  Foreign, 

With  Power  Gas,  Tables  4  and  6,  the   Former  with  Heat 
Efficibkcies. 
Table  No.  4.— Gives  13  First-class  Tests  on  different 

Engines,  English  and  Foreign,  .  7  to  220  B.H.P. 

Table  No.  5.^24    Second-class    Tests    on    different 

Engines,  English  and  Foreign^  .        .  3   „    96  B.H.P. 

With  High  Furnace  Gases  and  with  Heat  EmoiENciEs. 
Table  No.  6.— Tests  on  different  Foreign  Engines,  62  to  725  B.H.P. 

Oil  Engines  with  Heat  Efficiengibb. 
Tables  Nos.  7  and  8.-63  Tests  on  different  Engines, 

English  and  Foreign,  .        .        .  2  to    27  B.H.P. 

Oil  Motors  AND  Passenger  Carriages  on  Roads ;  also  Goods. 

Table  No.  0. — ^26  Tests  on  different  Engines,  giving  lbs.  oil  used  per  mile  per 
ton  weight.  At  Richmond  by  Judges  of  Automobile  Club, 
London;  at  Birmingham  by  Judges  of  the  Royal  Agri- 
cultural Society;  also  a  few  teste  on  Steam  Lorries  for 
comparison. 

Table  No.  10.~Air  Engines,  13  Teste. 

jVbfo.— T.U.  means  always  B.T.U.  or  British  Thermal  Units. 


Table  1.— Lighting  Gas— Tests  or  English  Engines,  1878-1898. 

These  32  Teste  are  chiefly  on  four-cycle,  single-actine  motors,  and  are 
tabulated  in  order  of  merit  of  heat  efficiency  per  B.H.P.  They  are  nearly  all 
on  different  motors,  although,  in  a  few  cases,  the  same  engine  was  tested  at 
different  loads.  Col,  1  gives  a  No.  to  each  experiment.  Col,  2.  The  name  of 
the  maker.  Col,  S,  The  name  of  the  experimenter,  and  includes  many  well- 
known  scientific  men.  Ccl.  4.  Town  or  Place  where  the  test  was  nyide.  Col. 
5.  The  year  of  test.  Cols.  6  and  7.  The  diameter  of  cylinder  and  stroke  in 
inches.  Col.  8.  The  mean  number  of  revolutions  per  minute  during  the  test. 
Cola.  9  and  10.  The  I.H.P.  and  the  B.H.P. ;  the  latter  varies  in  this  teble  from 
a  minimum  of  3  to  a  maximum  of  49.     Col.  11  is  the  mechanical  efficiency 


462  APPENDIX    A. 

rcent.,  found  by  dividing  the  figures  given  in  CoL  10  by  those  givrai  in  CoL 
For  example,  in  No.  1  teat  the  I.H.P.  is  26-4,  the  B.H.P.  23-0,  then  87  per 
cent,  of  26*4  gives  23,  and  this  is  called  the  mechanical  efficiency.  Approxi- 
mately, the  engine  ta^es  13  per  cent,  of  the  power  generated  to  drive  itself, 
and  this  gives  a  measure  of  the  friction  of  aU  the  working  parts,  which  it  is 
important  to  diminish  as  much  as  possible  by  lubrication  or  otnerwise.  C<d,  12 
ffives  the  heating  value  of  the  gas  used  on  the  day  of  test  in  British  Thermal 
Units  per  cubic  foot,  generally  determined  in  a  gas  calorimeter  at  a  oerc&in 
temperature  and  pressure,  but  sometimes  calculate  [from  the  analysis  of  the 
eas.  It  varies  from  813  to  561  T.U.  in  this  table.  All  these  values,  bein£ 
English,  sre  what  is  called  the  lower  heating  value  of  the  gas,  as  explained 
fully  when  dealing  with  this  subject.  Cols.  IS  and  14  give  the  cubic  feet  of 
gas  consumed  per  hour  per  I.H.P.  and  per  B.H.P.,  incluoine  ignition.  This  b 
obtained  by  the  readings  of  a  reliable  gas  meter,  allowance  being  made  by  the 
experimenter,  when  necessary,  for  the  temperature  and  pressure  as  recorded  at 
the  gas  meter,  so  as  to  correct  the  values  when  tested  in  the  calorimeter.  Coii. 
16  and  16  show  the  heat  in  B.T.U.  per  minute  consumed  by  the  engine,  both 
for  the  I.H.P  and  the  B.H.P.  This  is  calculated  in  the  foUowing  way,  from 
Cols.  13  and  14.  Let  us  take,  as  an  example.  No.  1  test.  The  cubic  feet  of 
gas  per  hour  per  B.H.P.  was  16*1,  this  multiplied  by  the  heat  in  one  cubic  foot 
of  gas— viz.,  630  T.U.— gives  the  T.U.  per  hour,  and  dividing  by  60  miaute&. 
we  obtain  170  B.T.U.  expended  per  B.H.P.  per  minute,  as  in  CoL  16.  The 
figures  in  CoL  15  are  calculated  in  the  same  way.  This  useful  figure  of  heat 
expended  per  minute  per  B.H.P.  enables  us  to  make  comparisons  with  other 
heat  engines,  such  as  steam  or  oil.  Col,  17  gives  the  heat  efficiency  of  each 
motor  per  B.H.P.  This  is  the  most  important  column  for  comparing  the 
ditferent  engines,  and  is  here  adopted  as  the  figvrt  of  merit.  It  is  arrived  at 
as  follows,  taking,  as  an  example,  test  No.  1  : — ^Col.  16  ffives  the  actual  beat 
expended  per  minute  per  B.  H.  P. ,  in  this  case  170  T.  U.  Now,  in  a  theoretically 
perfect  motor,  only  42A  T.U.  per  minute  should  be  expended  in  heat  per 
B.H.P.  instead  of  170  T.U.  per  minute.  Dividing  42^  by  170  eivee  25  per 
cent,  as  the  heat  efficiency,  in  other  words,  this  motor  expended  four  times 
the  theoretical  quantity  of  heat.  Some  may  ask  how  this  constant  ^^  is 
arrived  at?  It  is  simply  33,000  ft. -lbs.  per  minute,  or  one  H.P.  divided  by 
Joule's  equivalent  of  heat,  viz. ,  778  ft.  -lbs.  for  one  T.U.  Dividing  33,000  by  778 
etiuals  42*4.  All  the  heat  efficiencies  for  these  tests  in  all  the  tables  haveheen 
worked  out  in  the  same  way.  Cols.  18  and  19  give  the  cycle,  whether  two-, 
three-,  or  four-cycle,  and  also  show  whether  the  engine  is  single-  or  double- 
acting.  Col,  SO  Kives  the  authority,  reference,  &c.,  for  each  test.  The  B.H.P. 
varies  in  this  table  from  about  3  to  49 ;  the  mechanical  efficiency  from  66  to  SS 
per  cent.,  according  to  the  different  motors.  When  buying  an  engine  it  is 
important  to  see  that  it  absorbs  the  minimum  power  in  all  its  working  parts, 
esi)ecially  in  the  piston  rinss  and  crank  shaft  bearings,  where  the  greatest 
friction  generally  occurs.  Lubrication  should  be  attended  to,  and  most 
makers  guarantee  a  certain  mechanical  efficiency.  It  is,  however,  much  more 
inportant  that  they  should  guarantee  the  heat  efficiency  for  a  certain  sised 
engine  working  with  a  certain  gas.  The  heating  value  of  the  gas  used  in 
the  different  towns  varies  from  561  to  813  T.U.  per  cubic  foot.  A  simple 
statement  or  guarantee  that  a  given  engine  will  consume  so  many  cubic  feet  of 
gas  per  hour  per  B.H.P.  is  very  approximate,  and  means  little.  The  heating 
value  of  the  gas  should  always  be  mentioned.  Th^  best  figure  for  any  guaran- 
tee as  to  economy  between  a  maker  and  a  purchaser  is,  however,  the  heat 
efficiency  per  B.  H.P.  A  sliding  scale  in  the  shape  of  a  money  premium  or  fine, 
to  vary  in  proportion  to  the  actual  heat  efficiency  and  the  ffuaranteed  efficiency, 
appears  just  to  both  parties.  This  heat  efficiency  should  oe  determined  for  a 
given  load  and  speed  and  a  eiven  gas,  from  the  results  of  an  official  test  on  the 
engine  in  <]niestion.  The  cubic  feet  of  gas  per  LH.P.  and  per  B.H.P.  vary  in 
the  table  from  16  to  a  maximum  of  &  for  modem  motors,  and  in  the  older 
tests  40  to  70  cubic  feet.     The  heat  efficiency  per  B.H.P.  varies  from  a 
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maximum  of  25  per  cent,  to  a  minimum  of  6  per  cent,  for  older  enginee ;  in 
modem  motors,  say,  from  25  to  16  per  cent.,  according  to  different  makers, 
different  types,  speeds,  and  sizes  of  engine,  and  loads,  &c.,  &c.  For  this  first 
table  explanations  and  calculations  have  been  given  in  some  detail,  but  in  the 
other  tables  they  need  not  be  repeated,  as  the  same  system  has  be^  followed. 

Table  2.— 16  Tests  with  Birmlngrham  Town  Gas.    All  ok  the  Same 
Engine,  6  Inches  Diameter  by  12  Inches  Stroke. 

These  are  tabulated  from  the  first  report  of  the  Gas  Engine  Research  Com- 
mittee of  the  Institution  of  Mechanical  Engineers,  London,  and  were  made  by 
Prof.  Burstall.  They  should  be  considered  as  a  preliminary  series,  and  since 
their  publication  others  have  been  made,  but  not  published.  The  author  is  a 
member  of  this  Committee.  When  complete,  the  tests  will  be  interesting  and 
instructive.  In  addition  to  all  the  usual  figures  Prof.  Burstall  gives  the  com- 
pression pressure,  the  ratio  of  the  volume  of  air  to  that  of  gas,  and  the  analysis 
of  the  exhaust  gases  leaving  the  cylinder.  Although  the  speeds  were  not  kept 
the  same  in  this  series,  the  hienest  compression  gave  the  highest  thermal 
efficiency,  or  the  most  economical  results.  The  best  ratio  of  air  to  gas  for  the 
explosive  mixture  seems  to  be  about  8} ;  this,  however,  requires  to  be  con- 
trolled by  further  tests  with  all  the  other  conditions  remaining  constant.  The 
eneine  was  four-cycle,  single  cylinder  and  single-acting,  with  tube  i^ition. 
CoU,  1  and  B  give  the  test  number  and  the  average  number  of  revolutions  per 
minute,  which  varied  from  107  to  204 ;  at  204  revolutions  the  piston  speed 
equals  408  feet  per  minute ;  Cola.  S  and  4  the  LH.P.  and  the  B.H.P. ;  the  latter 
varied  from  1*3  to  4*1.  Col,  5.  The  heatine  value  of  the  town  gas  used,  which 
varied  a  good  deal,  as  is  often  the  case,  viz. ,  from  586  to  635  T.U.  per  cubic  foot, 
although  coming  from  the  same  gas  works.  A  Junkers  gas  calorimeter  was 
used,  and  the  loioer  heating  value  was  taken.  Cols,  6  and  7  give  the  number  of 
cubic  feet  of  gas  used  per  i.H.P.  and  B.H.P.  per  hour,  including  that  for  the 
tube  ignition.  The  gas  was  measured  in  a  carefully  calibrated  gas  meter.  Cc^, 
8  and  9  show  the  thermal  units  supplied  to  the  engine  per  minute  per  t.H.P. 
and  per  B.H.P ;  Col,  10  the  compression  pressure  in  lbs.  per  square  inoh 
absolute  from  the  indicator  diagrams,  which  varied  from  52  lbs.  to  105  lbs.  Cd, 
11  gives  the  proportional  volume  of  air  to  the  volume  of  gas  from  10*8  to  5*3. 
The  gas  was  measured  in  a  gasholder  carefully  calibrated.  The  temperatures 
of  the  air  and  gas  were  a£o  taken.  The  air  required  was  measured  in  a 
large  standard  gas  meter,  through  which  it  was  forced  by  means  of  a  small 
blower.  Col,  12,  The  initial  pressures  from  the  indicator  diagrams,  which 
varied  from  a  maximum  of  286  lbs.  to  118  lbs.  per  square  inch  absolute.  Cd%, 
IS  and  14  cive  the  analysis  of  the  exhaust  gases  from  the  cylinder  in  percentage 
volumes  of  CO3  and  O.  Col.  16.  Percentage  of  the  clearance  volume  to  the  totol 
volume  of  the  cylinder.  Col.  16,  The  temperature  of  the  cooling  jacket  circu- 
lating water  at  outlet.  Col.  17,  The  orignal  test  number.  CoU,  18  and  19, 
The  heat  efficiency  per  LH.P.  and  per  B.H.P. ;  the  latter  varies  from  a  maxi- 
mum of  17  per  cent,  to  a  minimum  of  9*6  per  cent.  In  this  table  an  average 
mechanical  efficiency  of  81  per  cent,  has  been  taken,  although  it  was  sometimes 
rather  more  or  less.  The  author  has  seen  this  excellent  test  plant  at  Birminj^- 
ham.  and  was  much  pleased  with  all  the  careful  arrangements  made  to  obtain 
accurate  results. 

For  a  complete  study  of  gas  or  oil  engines,  and  to  arrive  at  exact  conclu- 
sions, many  experiments  on  the  mme  motor,  varying  onhr  one  set  of  working 
conditions  at  a  time,  and  keeping  all  others  constant,  is  far  more  satisfactory 
than  many  tests  on  many  engines.  With  the  latter,  all  sorts  of  loads,  speeds, 
compressions,  initial  pressures,  diameters  of  cylinders,  strokes,  clearance 
volumes,  Ac,  are  met  with.  Prof.  Meyer's  is  another  example  of  many  tests 
on  one  engine,  and  is  most  valuable  (see  Table  3).  Dr.  Slaby  was  one  of  the 
first  to  set  the  example  in  this  field,  although  his  tests  were  made  on  an  old 
type  of  engine,  and  are  now  somewhat  out  of  date. 
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Table  8.-12  Tests  at  Hanover*  Germany*  ik  1897,  bt  Pbofbssor 
Metbb.     Aix  on  the  samb  Orro  Enoikb. 

These  tests  have  been  selected  out  of  41  made.  The  engine  is  four-cjcle, 
single  cylinder,  single-acting.  Diameter  of  cylinder  7  'S  inches  with  1 1  *8  inches 
stroke.  It  was  therefore  rather  larger  than  the  one  tested  by  Pkx>f.  Burstall, 
Table  2.  For  full  particulars  of  these  careful  tests  our  readers  are  referred  to 
Z.  y.D,L,  March  1899,  where  all  details  are  given,  with  drawings  and  descrip- 
tion, in  German.  The  author  has  seen  this  gas  engine  and  all  the  arranjgemaits 
at  Hanover.  Col.  I  gives  the  No.  in  order  of  merit ;  Col.  S  the  original  t«st 
No. ;  Cols.  S  to  6  require  no  explanation.  Col.  7.  The  revolutions  per  minute 
from  a  maximum  of  257  to  a  mmimum  of  128 ;  at  the  former  speed  the  speed 
of  piston  in  feet  per  minute  was  about  600.  With  modem  steam  engines  this 
figure  is  often  hisher.  Cols.  8  cmd  9  give  the  metric  H.P.,  differing  little 
from  the  English.  The  B.H.P.  varied  in  these  tests  from  5*4  to  9*9. 
Col.  10  is  the  mechanical  efficiency,  varyins  from  69*7  to  86*3  per  cent.  As  in 
these  two  tests,  the  B.H.P.  was  about  the  same,  probably  the  lubrication 
was  at  fault.  CU.  It  sives  the  heating  value  of  the  Hanover  town  gas  used, 
which  varied  very  little.  Col.  IJ.  The  cubic  feet  of  gas  consumed  per  hour, 
from  24*7  to  37*6  per  B.H.P.  Col.  IS.  The  heat  used  per  minute  per 
B.H.B.  in  T.U.  from  218  to  326.  Col.  i^.  Ratio  of  the  volume  of  air  to 
volume  of  gas  from  6*8  to  9*5.  The  liest  results  seem  to  be  with  a  ratio  of 
about  8^  to  9i,  and  this  agrees  fairly  well  with  Prof.  Burstall's  results. 
Coi.  15  shows  the  ratio  of  the  clearance  volume  to  the  total  cylinder  volume. 
Here  the  higher  ratios  give  the  best  results,  which  does  not  quite  tally  wiUi 
Table  2,  col.  15.  Col.  16  gives  the  heat  efficiency  per  B.H.P.  in  percentage, 
from  a  maximum  of  19*4  to  a  miuimum  of  13.  Comparing  these  with  Table  2, 
the  maximum  efficiency  is  higher.  Prof.  Meyer  does  not,  unfortunately,  give 
in  his  report  the  various  compression  pressures  from  the  diagrams. 

In  this  Table  it  must  Ije  remembered  that,  as  in  all  the  German  tests,  the 
lotper  heating  value  of  the  gas  has  been  taken,  so  that  these  heat  efficiencies 
may  be  properly  compared  with  the  English  efficiencies.  In  the  four  French 
tests  given  in  this  taole  on  four  different  motors,  the  higher  heating  value  of 
the  Kos  is  given.  In  these  F'rench  tests  the  maximum  heat  efficiency  per 
B.H.P.  is  26*7  per  cent.,  and  this  would  have  been  even  hisher  if  the  lower 
heat  values  haa  been  taken.  At  the  bottom  of  Table  3  a  few  German  testa 
are  added  on  the  same  motor,  giving  heat  efficiencies  per  B.H.P.  from  17*3  to 
13*9  per  cent.  In  all  the  colunms  the  data  are  the  same  as  before,  and  need 
no  special  explanation. 

Tabub  4.— 18  Tests  ON  DtFTEBENT  Gas  Engines  and  Generators  (for 
Power  Gas)  from  1885  to  1899. 

The  English  and  Foreign  trials  are  arranged,  as  before,  in  order  of  merit  of 
heat  efficiencv  i)er  B.H.P.  The  heat  efficiencies  of  the  generators  are  also 
given  in  the  few  cases  where  they  were  stated  by  the  experimenters.  This  is 
why  they  are  calleil  first-clasR  tests.  The  heat  efficiency  of  a  gas  generator 
is  the  percentage  or  quantity'  of  heat  utilised  to  the  total  quantity  of  heat 
supplied.  In  otlier  words,  so  much  heat  in  T.U.  per  minute  is  put  into 
the  generator  in  the  fuel  (coal  or  coke),  but  only  a  certain  percentage  of 
this  comes  out  as  gas  made,  in  T.U.  per  minute,  all  the  rest  being  lost.  Both 
the  heating  value  of  the  fuel  and  that  of  the  gas  are  generally  shown  in  this 
table.  In  the  English,  German,  and  American  tests  the  lower  heating  values 
are  given ;  in  the  French,  unfortunately,  only  the  higher  are  returned  in  the 
reports.  Col.  1  gives  the  test  No.  Cols.  S  to  8  explain  themselves.  Col.  9  shows 
the  mean  revolutions  per  minute,  varying  from  100  to  271 ;  CoU.  10  atuL  11  the 
H.P.  and  the  B.H.P. ;  the  latter  varies  from  7  to  220.  In  the  Continental 
tests  the  metric  H.P.  has  been  retained.     Col.  1$.  The  mechanical  efficiency* 
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▼arying  from  71  to  90  per  oent.  Cols.  IS  and  14»  Lbs.  fael  per  hour 
ooDBumed  in  the  particular  generator  used  in  each  test,  both  per  I.H.P.  and 
per  B.H.P.  Col,  16,  The  heating  value  of  the  oas  per  cubic  foot,  as  tested 
m  a  gas  calorimeter.  Col.  16,  The  heatins  vame  of  the  fuel  put  into  the 
generator.  To  state  the  lbs.  fuel  per  hour  oiunt  is  of  little  use,  unless  its 
heating  value  is  also  known.  Cola.  17  and  18  show  the  number  of  cubic  feet 
of  gas  used  per  hour  by  the  particular  en^ne,  both  per  I.H.P.  and  per  B.H.P. 
These  quantities  are  naturally  much  greater  than  with  town  gas,  which  has 
a  much  higher  heating  value.  Col,  19  sives  the  heat  efficiency  of  the  gas 
generator,  varying  in  these  experiments  from  69  to  85  per  cent,  in  the  tests 
where  it  is  stated.  Col.  20.  The  heat  efficiency  of  the  gas  motors  per  B.H.P. , 
which  varies  from  22*2  to  13*7  per  cent.  CA,  Bl  gives  references  for  each 
test,  and  the  kind  of  fuel  used  in  the  generator  for  the  production  of  gas. 

Table  5.-24  Tests  of  different  Gas  Engines,  1881  to  1898,  English 
AND  Continental.    B.H.P.  vbom  3  to  96. 

These,  compared  with  Table  4,  may  be  called  second-doss  tests,  as  neither 
the  heating  value  of  the  fuel  used,  nor  that  of  the  gas  made,  is  returned  by 
the  experimenter.  The  order  of  merit  necessarily  foUowed  is  the  lbs.  fuel  per 
B.H.P.  per  hour,  but  it  is  unsatisfactory,  merely  approximate,  and  of  little 
value.  It  is,  however,  often  given  in  rough  tests ;  and  as  many  people  like  to 
see  them,  the  table  and  figures  have  been  retained.  Without  the  heating 
value  of  the  gas  and  fuel  no  heat  efficiency  can  be  calculated.  All  the  various 
columns  are  so  similar  to  those  of  Table  4  that  no  explanation  is  necessary. 
The  lbs.  of  fuel  used  per  hour  in  the  generators  vary  from  0*9  lb.  to  2  lbs.  of 
coke  or  coal.  The  last  experiment  is  with  a  mixture  of  coal  and  wood.  The 
few  figures  in  brackets  in  Col.  14  are  only  approximate,  as  they  were  not  given 
by  the  experimenter. 

Table  6.— Tests  on  different  MotOPS  working  with  High  Furnace 
Gases.    The  B.H.P.  varied  from  92  to  725. 

These  are  on  German  and  French  engines  driving  dynamos  for  power  or 
for  electric  light.  For  this  new  and  large  development  of  engines  very  few 
tests  have  vet  been  made.  Others  are,  however,  in  progress.  The  various 
columns  follow  much  the  same  order  as  in  the  other  tables,  and  hardly  require 
explanation.  The  heating  value  of  the  gas  is  lower  than  that  of  power  or 
generator  gas  given  in  Table  4,  and  the  number  of  cubic  feet  used  per  H.P.  is 
therefore  greater.  The  heat  efficiencies  per  B.H.P.  are,  however,  high — from 
20  to  26  per  cent.  Motors  for  these  gases  are  now  being  made  up  to  1500  H.  P. , 
and  we  may  soon  expect  some  interesting  first-class  tests  on  them. 

Tables  7  and  8.-68  Tests  of  different  Oil  Engines,  English  and 
Foreign,  from  2  to  26  B.H.P.^1891  to  1899. 

These  are  chiefly  four-cycle  motors,  and  are  arranged  in  order  of  merit  of 
thermal  efficiency  per  B.H.P.,  which  varies  much,  from  a  maximum  of  27  ijer 
cent,  to  a  minimum  of  5  per  cent.  The  calculations  for  the  thermal  efficiencies 
were  made  in  the  same  way,  as  mentioned  in  detail,  for  Test  No.  1,  Table 
No.  1.  Cols.  1  to  12  speak  for  themselves.  Col,  IS  ^ves  the  heating  v^ue  of 
the  oils  used  in  the  motor  cylinders.  These,  as  will  be  seen,  do  not  vary 
much—only  from  a  maximum  of  19,900  T.U.  per  lb.  to  a  minimum  of 
18,370.  In  the  seven  French  tests  at  Meaux  the  higher  heating  values  are 
returned  by  the  experimenter  and  given  here,  but  in  all  the  other  tests, 
German  and  English,  the  Unoer  values  are  given  in  each  case.  This  afiects, 
unfortmiately,  the  heat  efficiency  column  somewhat,  as  mentioned  before, 
but  no  other  method  was  possible,  as  the  figures  could  not  be  altered. 
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Tabls  9«— 26  BnffUsh  Tests  oh  Carriages  akd  Lorries,  icabb  or  tks 
SuMMXR  or  1898-9,  chiefly  ok  Oil  Motors,  by  thb  Judoks  of  the 
AuTOMOBiLB  Club,  and  the  Royal  Agricultural  Society. 

The  first  18  tests  were  on  oil  motors  at  Richmond  driving  paasenger  car- 
riages, English  and  foreign,  of  various  total  weighta.  They  were  tested 
on  a  run  from  Soothall  near  London  along  the  Oxford  road  and  back.  The 
author,  as  one  of  the  judges,  witnessed  most  of  the  tests,  which  are  given 
in  detail  in  the  judge's  report.  The  same  oil  spirit  was  used  in  all.  The 
maximum  speed  allowed  on  the  roads  was  12  miles  per  hour,  although  in 
some  cases  it  was  exceeded.  The  roads  were  dry  and  in  good  order,  and  there 
were  many  hills.  A  section  of  the  route  is  siven  in  the  original  report. 
These  carriages  were  also  tested  separately  for  nill-ctimbing  capacity  on  the 
Petersham  ffiU,  Richmond,  which  was  selected  by  the  judges,  having  a  maxi- 
mum gradient  of  1  in  9^.  As  these  tests  come  strictly  under  the  head  of  oil 
motors,  the  author  has  tabulated  them.  A  trained  official  attendant  was  on 
each  carriage  during  the  whole  time.  He  noted  all  incidents,  with  causes  and 
duration  of  stoppages,  if  any.  He  was  also  responsible  for  the  measurement 
of  the  oil  used,  kc.  With  these  small  motors  it  is  very  difficult  to  measure 
the  variable  LH.P.  when  running  on  roads,  and  in  this  case  it  was  not 
done.  The  question  therefore  arises  how  best  to  obtain  a  comparative  figure 
of  merit  as  to  economy  of  oil  used,  and  thus  to  compare  these  nameroos 
carriages  and  lorries  of  very  various  weights,  sizes,  types,  speeds  on  road, 
speeds  of  motors,  different  gearing,  with  one  or  more  cylinaers  of  various 
diameters  and  strokes.  The  author  has  classed  them  in  oraer  of  merit  of  the 
co8t  in  pence  of  the  oil  spirit  per  ton-mile  of  total  running  weight.  This  was 
also  done  for  the  Birmingham  tests  of  the  Royal  Agricultural  Society  by 
Prof.  Unwin,  F.R.S.,  and  seems  an  excellent  standard  to  adopt.  This  cost 
per  ton-mile  will  be  found  in  Col.  14,  and  takes  count  of  weight,  speed,  and 
0O8t  of  oil  or  fuel  It  will  be  seen  that  the  total  weights  varied  from  0'16  to 
1  '48  ton.  AU  these  little  motors  go  at  high  speeds,  nominally  from  600  to 
1400  revolutions  per  minute,  but  on  the  road  this  varied  much.  The  cost  of 
the  oil  spirit  per  mile  per  ton  varied  from  one  farthing  to  a  penny  farthing, 
the  same  spirit  at  the  same  price  being  used  in  all  the  engines.  The  most 
economical  vehicle  ran  at  only  one-sixth  the  cost  of  the  least  economicaL  The 
ratio  of  six  times  as  much  spirit  per  mile  per  hour  is  very  great,  and  should  be 
well  considered  by  some  of  the  nuikers,  and  the  cause  ascertained. 

TeMs  19  to  fl,  Table  9.-8  TeStS  of  Heavy  Vehicles  for  carrying  loads, 
also  made  at  Richmond  by  the  Automobile  Club,  but  only  for  a  20-mile  run, 
and  using  the  same  oil  spirit  as  the  18  previous  tests  on  lighter  carriages. 
Total  running  weight  from  8)  to  2  tons.  Speed  on  road  from  about  4  to  6 
miles  per  hour.  The  cost  of  the  spirit  varied  from  about  one  farthing  to 
three  tarthings  per  ton  per  mile.  Col.  16  gives  the  kind  of  reducing  gear  mwn 
the  motor  cruik  shaft  to  that  of  the  carriage  wheels.  For  full  detuls  of  these 
interesting  tests,  readers  are  referred  to  the  judge's  report. 

Tests  2S  to  S3,  TabU  9.-2  TestS  on  Steam  LOFrieS  for  carrying  goods, 
also  made  at  Richmond  in  1899,  during  a  20-mile  run.  Each  had  a  steam 
boiler  end  compound  engine,  and  used  coke  or  coaL  One  weighed  6'6  tons, 
and  the  other  0*9  tons,  and  ran  well  at  a  speed  of  5}  to  6}  miles  per  hour. 
The  cost  of  the  fuel  per  ton  per  mile  works  out  very  low. 

TesU  gj  to  96,  Table  9.-3  TestS  at  Birmingham  by  the  judges  of  the 
Royal  Agricultural  Society  in  189S,  on  Lorrles  for  goods,  during  a  run  of 
nearly  47  miles.     One  was  an  oil,  and  the  other  two  steam  motor  oars.     The 


weights  varied  from  2^  to  6^  tons.  Speeds  on  road  6}  to  nearly  8  miles  pa* 
"iour.  The  cost  per  mile  per  ton  was  siso  very  low.  The  author  ss  one  of  the 
judges  witnessed  these  tests,  end  can  testify  to  the  care  bestowed  on  them. 


hese  few  steam  tests  are  added  to  form  a  oompsrison  with  the  oil  motors. 
It  ma;^  be  of  interest  to  add  some  notes  from  Prof.  Unwin's  able  report  on 
the  Birmingham  Royal  Agricultural  Society's  tests,  where  he  was  one  of  the 
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judges.  From  the  experiments  made  he  calculated  the  H.P.  that  would  be 
required  on  a  level  road,  and  also  goine  up  a  hill  of  a  gradient  of  1  in  12.  His 
results  are  as  follows :—  With  No.  S4.  Daimler  Oil  Engine,  of  a  total  weight 
of  2*49  tons,  goine  on  a  level  good  road  at  a  speed  of  7 '8  miles  per  hour, 
the  B.H.P.  should  be  about  2*6.  On  a  rising  gradient  of  1  in  12,  at  an 
assumed  speed  of  3 '9  miles  per  hour,  the  power  required  is  about  6*2  B.H.P. 
With  No.  £6,  Thomycroft  Steam  Motor  Car,  of  6*9  tons  nmnine  weight, 
on  a  level  road  at  a  speed  of  6*2  miles  per  hour,  the  power  should  oe  about 
8-2  B.H.P.  For  a  rising  gradient  of  1  in  12,  and  at  4'1  miles  per  hour, 
14*7  H.n.P.  With  No.  g6,  Lancashire  Steam  Motor  Car,  of  6-54  tons, 
on  a  level  road  at  6*5  miles  per  hour,  9*4  B.H.P.  On  a  gradient  of  1  in  12,  at 
3^  miles  per  hour,  15}  B.H.JP.  These  figures  are  the  enective  or  B.H.P.  ;  to 
get  the  I.H.P.,  the  power  required  to  drive  the  motor,  and  that  for  the 
gearing  between  the  motor  and  the  wheels  of  the  vehicle,  must  be  added. 

These  26  tests  appeared  in  a  paper  on  Road  Lqcomotion  by  Professor  Hele 
Shaw,  F.R.S.,  read  before  the  Institution  of  Mechanical  Engineers,  1900. 

Tablb  10.— 13  Tests  on  diitbrent  Air  Engines,  English  and  Foreign. 

Requires  no  explanation. 
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ABSTRACT  TRANSLATION  OF  BEAU  DE  ROCHAS*  CYCLE. 
(French  Patent,  1862.) 

CONCEBNING  COMPBBSSIDN  IN  A  GaS  EnOINB. 

The  conditions  for  perfectly  utilising  the  elastic  force  of  gas 

in  an  engine  are  four  in  number : — 

L  The  largest  possible  cylinder  volume  with  the  minimum  boundary 
surface. 

n.   The  greatest  nossible  working  speed. 

III.  Greatest  possible  number  of  expansions. 

IV.  Greatest  possible  pressure  at  the  beginning  of  expansion. 

The  characteristic  of  gases  to  disperse  over  a  given  area  can  be  turned  to 
excellent  account  in  pipes,  but  is,  on  the  contrs^,  evidently  an  obstacle  to 
the  utilisation  of  the  elastic  force  developed  in  the  gaseous  mass.  It  has 
been  shown  [in  a  former  part  of  the  patent]  that  in  pipes  the  utilisation — 
that  is,  the  heat  transmitted — ^is  in  proportion  to  the  diameter  of  the  pipe. 
Li  cylinders,  therefore,  the  loss  would  De  in  inverse  ratio  to  the  diameter, 
but  this  only  applies  to  cylinders  of  very  small  diameter,  and  the  loss  really 
diminishes  more  rapidly  in  proportion  to  the  increase  in  diameter.  Thus  the 
tvpicid  design,  which,  for  a  given  expenditure  of  gas,  assigns  a  cylinder  of 
the  largest  (uameter,  wiU  in  this  respect  utilise  the  most  heat.  We  may  also 
conclude  that,  as  far  as  possible,  only  one  gas  cylinder  should  be  used  in  each 
separate  engine. 

But  the  loss  of  heat  in  the  gas  depends  also  on  the  time.  Other  things 
beins  equal,  the  cooling  will  be  greater  the  slower  the  speed.  Now  greater 
speed  seems  to  entail  a  cylinder  of  small  volume ;  but  this  apparent  contra- 
diction disappears  if  we  remember  that,  for  a  given  consumption  of  gas, 
the  stroke  is  not  necessarily  and  invariably  limited  to  the  volume  of  the 
cylinder. 

In  utilising  the  elastic  force  of  gas  it  is  necessary,  as  with  steam,  that 
expansion  should  be  prolonged  as  much  as  possible.    In  the  typical  design 
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deficribed  aboTe,  then  is  »  mMdmiim  of  expulsion  for  each  paitiealar  < 
although  the  effect  is  necesaarily  limited.  The  arrangement  will,  therefore, 
ffive  the  best  result,  which  restores  to  the  motor  what  may  be  called  its 
Hberty  of  expansion,  that  is  to  say.  the  power  of  expanding  as  much  as  may 
be  thought  desirable,  within  practical  working  limits. 

Lastly,  the  utiliiAtion  of  the  elastic  force  of  the  gas  depends  upon  a 
function  closely  allie<l  to  prolonged  ex|)ansion  and  its  advantages.  This  is 
the  pressure,  which  should  be  as  great  as  possible,  to  produce  the  maximum 
ertect^  Here  the  question  clearly  is  to  obtain  expansion  of  the  gases  when 
they  are  hot,  after  compressing  them  while  cold.  This  is  to  a  certain  extent 
an  inverse  method  of  prolonging  expansion  to  that  employed  when  a  vacuum 
is  formed.  The  latter  process  is  not  at  all  suited  to  gases,  because  all  such 
oompression  oeoessitates  an  equivalent  condensation,  and  even  supposing 
the  gases  were  combustible*  it  would  be  impossible  to  heat  them  instan- 
taneously. 

Theoretically,  therefore*  it  is  possible  to  utilise  the  elastic  force  of  the 
gases  without  limit,  by  compressing  them  indetiuitely  before  heating,  just 
as  the  elastic  force  of  steam  may  he  utilised  without  limit,  by  prolonging 
expansion  indefinitehr.  Practically  an  impassable  limit  is  attained,  as  soon 
ss  the  elevation  of  temperature  due  to  previous  oompression  causes 
s)K>ntaneous  combustion,  if  compression  be  tnen  continued,  the  work  dooe 
by  it  would  be  represented  by  expansion  prolonged  to  the  same  point,  less 
the  loss  caused  by  all  useless  work.  The  natursi  limit  is  here  reached,  and 
the  arrangement  which  best  attains  it  will  utilise  to  the  most  advantage  the 
beat  supplied. 

The  QuestioD  of  heat  utilisation  beln^  thus  stated,  the  only  reafly 
practical  arrangement  is  to  use  a  single  cv Under,  first  that  the  volume  may 
be  as  large  %s  possible,  and  next  to  reduce  the  resistance  of  the  gas  to  a 
minimum.  The  following  operations  must  then  take  place  on  one  side  of 
the  cylinder,  during  one  period  of  four  consecutive  strokes : — 

L  Drawing  in  the  charge  during  one  whole  piston  stroke. 

II.  Compression  during  the  following  stroke. 

III.  Intlummation  at  the  dead  point,  end  expansion  during  the  third 
stroke. 

IV.  Discharge  of  the  burnt  gsses  from  the  cylinder  during  the  fourth  and 
last  stroke. 

The  same  operations  being  afterwards  repeated  on  the  other  side  of  the 
cylinder  in  the  same  number  of  piston  .strokes,  the  result  will  be  a  particular 
type  of  single-acting,  or  half-acting  engine,  so  to  speak,  which  will  evidently 
at  lord  the  largest  possible  cylinder,  and  what  is  still  more  important, 
previous  compression.  The  piston  speed  will  also  be  greatest  in  proportion 
to  the  diameter,  because  the  work  is  performed  in  one  single  stroke,  which 
would  otherwise  occupy  two.    Clearly  it  is  impossible  to  do  more. 

As  the  tem{)erature  of  the  gases  coming  from  a  furnace  is  practically 
constant,  and  that  of  the  external  atmosphere  varies  relatively  only  within 
narrow  limits,  the  initial  temperature  of  the  mixture  at  the  moment  of 
admission  into  the  cylinder  will  also  be  practically  constant.  It  will, 
therefore,  be  possible  to  determine  the  limit  of  compression  at  which  com- 
bustion is  produced,  and  to  make  the  design  of  the  engine  conform  to  it. 
Thus  the  maximum  effect  will  always  be  obtained,  for  each  proportional 
dilution  of  the  combustible.  At  the  same  time  there  will  be  no  necessity  to 
use  electricity,  because  the  starting  of  the  engine  being  determined  by  the 
action  of  the  steam  (sic),  the  gases  might  be  admitted  only  when  the  speed 
has  become  great  enough  to  produce  spontaneous  inflammation.  In  any 
case  compression,  by  helping  to  mix  the  charge  thoroughly  and  by  raising 
its  temperature,  would  be  favourable  to  instantaneous  combustion.  If  the 
initial  temperature  in  the  generator  corresponded  to  a  pressure  of  5  or  6 
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atmospheres,  inflammation  would  be  spontaneously  produced  if  the  aases 
were  compressed  to  about  a  quarter  of  the  original  volume,  the  effect  of  loss 
of  heat  being  neglected.  After  complete  inflammation  the  pressure  would 
be  hardly  30  atmospheres,  and  as  combustion  would  be  effected  without 
excess  of  air,  the  pressure  would  in  any  other  case  (ft.e.,  where  an  excess  of 
air  was  admitted)  be  necessarily  less.  Probably,  therefore,  in  many  cases, 
the  absolute  limit  of  utilisation  of  the  heat  may  be  attained. 

We  may  sum  up  the  question  by  saying  that,  although  the  typical 
arrangement  here  aescribed  can  be  most  completely  and  perfectly  adapted 
to  the  utilisation  of  the  elastic  force  developed  by  combustion  at  constant 
volume  in  the  gaseous  mass,  it  is  quite  simple.  It  is  perhaps  rather  a  con- 
venience than  a  necessity  to  use  lift- valve  distribution.  Tnis  is  generally 
the  best  method,  and  nothing  proves  that  it  may  not  be  applied  to  the 
four-cycle  type  of  engine. 


APPENDIX    C. 

SUMMARY   OF  EXPERIMENTS  ON   A  TWINCYLINDBR 
OTTO  GAS  ENGINE. 

By  Dr.  A.  Slaby. 

Objeot.— These  valuable  experiments  were  made  by  Dr.  A.  8Uby,  Pro- 
fessor at  the  Technisohe  Hoch-Schnle,  Berlin,  to  investigate  tlie  heat  cycle 
in  a  gas  engine.  The  object  with  which  they  were  undertaken  was,  in  Dr. 
Slaby*s  words,  to  *'  determine  by  measurements  the  division  of  heat  in  a 
^'as  engine,  in  order  to  deduce  therefrom  the  conditions  for  the  best  utilisa- 
tion of  the  combustible."  They  have  been  published  from  1890  to  1892 
in  six  pamphlets,  comprising  196  pages,  illustrated  by  many  plates  and 
diagrams,  and  form  the  most  exhaustive  treatise  on  this  particular  subject 
with  which  the  author  is  acquainted.  An  abstract  of  their  contents  is  here 
given,  and  will,  it  is  hoped,  serve  as  an  introduction  to  that  careful  study 
of  the  original,  which  Dr.  Slaby's  laborious  researches  merit. 

The  engine  experimented  on  was  a  twin-cylinder  horizontal  8  H  P. 
German  Otto  engine,  employed  for  driving  various  machinery  in  the 
Berlin  Technical  High  School.  The  gas  used  was  always  lighting  gas, 
made  from  Upj)er  Silesian  coal,  from  the  gas-works  at  Gharlottenburg, 
near  Berlin.  The  diameter  of  the  cylinder  was  172-5  mm.  b6'8  inches,  and 
stroke  340  mm.  -=13*3  inches.  In  all,  306  experiments  were  made,  from  1886 
to  1890,  divided  into  two  sets,  but  Dr.  Slaby  is  still  continuing  his  work  on 
the  same  engine. 

Heating  Value  of  the  Gas. -Pamphlet  I.— The  author  be^ns  by  ex- 
pressing his  desire  to  elucidate  the  various  Questions  still  undecided  in  the 
theory  and  practice  of  the  gas  engine.  Witn  this  object  it  is  necessary,  he 
considers,  first  to  determine  the  composition  and  heating  value  of  the  ^ 
used.  The  chemical  constituents  of  any  gas  depend  upon  the  raw  material 
(coal),  the  process  of  generation  and  purification,  and  time  which  has  elapsed 
since  the  beginning  of  distillation.  But  the  difficulty  of  arriving  at  an 
exact  knowledge  of  the  heating  value  and  comiKwition  of  any  given  gas  is 
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■o  gnat  alio  be  aJnMMtliMiipenbla.  The  sabject  has  neTW  been  ihoroii^ly 
inveiti^ated.  All  that  can  oe  done,  to  enaure  nnifamiity  in  the  oanatitoeiits 
el  lighting  gas  daring  a  test,  ia  to  carry  oat  the  experiments  always  at  the 
aame  hour  of  the  day.  with  f;as  from  the  same  main. 

Not  only  is  the  composition  of  gas  given  differenUy  by  diffwent  aathor- 
ities,  but  the  proportions  of  heavy  hydrocarbons  are  variously  estimated. 
Some  writers  class  them  all  as  C4Ht,  some  as  CsH4,  some  as  half  one,  half  the 
other,  producing  a  diffBrenoe  in  the  heatina  value  of  the  gas  of  8  per  cent. 
This  method  was  not  snffidently  aocorate  for  the  anther's  purpoae.  After 
many  triaU  he  foond  that  tiie  heat  value  of  each  hydrocarbon  coold  be 
♦jqirosied  as 

H  s  1,000+ 10,500  X  the  density  of  the  hydrocarbon 

<H  representing  the  heating  value  in  calories  per  cable  metre),  and  that 

mixtare<*" 


this  formula  was  also  applicable  to  any  given  mixture  of  the  same.  It  was 
necessary,  therefore,  to  determine  the  density  of  etteh.  gas  to  within  }  per 
cent. ,  instead  of  taking  the  residuum  in  the  gaseous  mixture,  after  analysing 
the  different  constitnents  H,  CU4,  CO,  &c.,  as  nitrogoi,  and  reckoning  its 
weight  as  such. 

To  calculate  the  density  of  the  hydrocarbons,  a  Schilling  apparatoa  was 
used,  of  which  a  drawing  and  detailed  description  are  ffiven  in  the  original. 
By  this  instrument  it  was  fbnnd  that  the  densities  ci  any  two  gases  were 
inversely  proportioned  to  the  squares  of  their  speed  of  discharge,  at  the 
aame  pressure,  through  a  nsrrow  orifice.  The  experiment  being  carried 
out  first  with  air,  then  with  gaa,  the  density  of  the  latter  was  thus  deter- 
mined. Great  care  was  taken  to  ensore  an  even  temperature.  Satisfactory 
results  were  obtained  by  these  means,  but  it  was  necessary  to  check  them 
by  experimenting  upon  perfectly  dry  lighting  gas ;  the  Schilling  apparatoa 
being  immersed  in  water,  the  oas  in  it  was  always  slightly  oamp.  The 
difference  between  moist  and  ary  gas  was  considerable.  ScUmUed  air 
^oeighed  0*75  p€r  cent.  UgkUr  ikon  dry  mr,  hut  miUuraied  gas  weiaked  OiHper 
esfU,  heavier  than  dry  gat.  The  ^  was  next  directly  weighed.  Two  glaaa 
vessels  were  filled  respectively  vnth  dry  gas  and  dry  air,  and  after  being 
both  brought  to  the  same  tem|)eratare  aod  pressure,  they  were  weighed. 
InmiediatMy  after,  the  glass  vessels  were  weighed  alone,  and  the  propor- 
tional weights  of  the  gas  and  air  thus  determined.  The  correction  for  the 
8chillin;(  apparatus  was  found  to  be  only  0*07  per  cent.,  but  this  aocaracy 
was  obtained  after  yeara  of  practice,  comprising  about  1,000  determinations. 
Finally  the  Lax  gas  weigher  was  used,  and  gave  excellent  results,  abont 
3*8  per  cent  hiener  than  the  Schilling,  owing  to  the  dryness  of  the  air 
and  gas,  and  &aTts  in  calibrating. 

To  determine  the  heat  value  of  lighting  gas,  the  percentage  in  volume 
of  the  heavy  hydrocarbons  was  ascertained  oy  analysis.  The  specific  weight 
of  the  gas  being  known,  and  the  residuum  taken  as  pure  nitrogen,  the 
specific  weight  of  the  heavy  hydrocarbons  was  deduoed  trom  the  weight  of 
the  gas  with  and  without  them.  This  method  has  the  disadvantage  of 
assuming  that  the  residuum  consists  entirely  of  pure  nitrogen,  whereaa  it  ia 
known  to  contain  ammonia  and  other  substances.  A  more  satisfactory 
process  was  as  follows  :~The  gas  was  first  carefully  weii^hed,  then  passed 
through  tubes  and  vessels  containing  glass  shavinn,  sulphuric  acid,  potash, 
water,  Ac,  to  separate  the  hydrocarbons  and  carbonic  acid.  The  purified 
(as  was  then  again  weighed,  and  the  density  of  the  heavy  hydrocarbona 
jound  by  deduction  to  be  a  mean  of  1  '72.  This  agreed  well  with  the  ordi- 
nary analysis  of  Berlin  gas.  It  may  therefore  be  assumed  that  in  any  given 
Sas  the  mixture  of  heavy  hydrocarbons  is  essentially  a  constant,  the  greatest 
ifference  in  the  heat  value  being  8  per  cent.  During  one  day  of  a  trial, 
the  difference  was  seldom  more  than  1  per  cent.  It  is  necessary,  however, 
in  making  an  experiment,  to  determine  the  heat  value  of  the  mixture  of 
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heavy  hydrocarboiiB,  which  vary  from  13,000  to  27,000  oalories  per  cnbio 
metre.  Throughout  the  experiments  it  was  taken  at  19,000  calories  per 
cubic  metre. 

Products  of  Combustion.— In  the  Second  Pamphlet  the  composition  of 
the  products  of  combustion  is  considered,  and  the  constants  determined. 
The  specific  weight  of  1  cubic  metre  is  0*417,  with  a  heating  value  of 
4,883  calories.  For  complete  combustion  the  weight  of  oTygem  required 
for  1  cubic  metre  of  lightmg  gas  is  1*515  kilo.,  and  of  air  6*425  kilos,  or 
4*965  cubic  metres.  The  combustion  produces  6*965  kilos,  or  5*684  cubic 
metres  of  products,  or  a  contraction  of  4*8  per  cent.  Analyses  of  the 
products  of  combustion  with  different  dilutions  of  air  were  carried  out  on 
■even  different  days,  and  the  mean  takeo.  In  none  of  them  could  any  trace 
of  unbumt  hydrocarbons  or  carbonic  oxide  be  discovered.  These  analyses 
do  not  give  the  percentage  of  steam,  which  is  certainly  superheated,  and  is 
reckoned,  for  the  above  proportions,  at  1  *209  cubic  metre.  The  different 
constants  for  proportions  of  5,  6,  7,  and  8  volumes  of  air  to  one  of  gas  are 
shown  in  a  table  and  plotted  out,  namely — Percentage  of  oontraction  during 
combustion ;  weight  and  specific  weight  of  1  cubic  metre  of  the  mixture 
before  combustion,  and  of  1  cubic  metre  of  products ;  and  constants  of  the 
products. 

The  next  question  to  determine  was  the  specific  heat  of  the  products  of 
combustion.  The  author  distinguishes  between  true  and  mean  specific 
heat ;  the'  former  increases  twice  as  much  for  a  ffiven  increase  of  tempera- 
ture as  the  latter.  The  increase  in  true  specific  heat  per  degree  rise  in 
temperature,  for  the  oas  composing  the  products  of  combustion  in  a  gas 
engme,  is  given  from  Mallard  and  Le  Chatelier,  and  the  values  calculated 
at  constant  pressure,  and  at  temperatures  of  0**,  100*,  500",  1,000*,  2,000*  G. 
From  these  the  specific  heats,  at  constant  pressure,  of  the  products  of  com- 
bustion under  the  same  conditions  are  reckoned,  and  plotted  out.  The 
horizontal  lines  show  the  rise  in  temperature  of  the  gases  from  0*  to  2,000*, 
the  verticals  the  increase  in  their  specific  heat  at  constant  pressure,  for  a 
given  dilution  of  gas  and  air. 

ISngine  and  Instruments. — The  experiments  to  verify  these  calculations 
were  carried  out  on  the  engine  slreaay  described  (drawings  of  which  are 
given  by  Dr.  Slaby).  The  quantities  of  gas,  air,  and  of  oooling  water  were 
carefully  measured.  During  the  experiment  only  one  cylinder  was  used,  the 
other  heing  employed  to  determine  the  piston  friction.  The  quantity  of 
gas  was  measured  by  a  glycerine  gas  meter,  marked  to  show  half  litres,  the 
consumption  for  the  ignition  flame  being  given  by  a  separate  meter.  Both 
meters  were  carefully  tested  before  the  experiments,  and  thermometers 
inserted  in  them,  from  which  the  temperatures  could  be  read  off.  From 
the  meters  the  gas  passed  to  the  engine  through  rubber  bags,  a  pressure 
gauge  being  fixed  in  the  admission  passage.  In  all  the  experiments  the  air 
was  measured  in  a  gas  meter,  provided  with  a  scale,  thermometers,  and 
pressure  gauffe.  The  error  in  this  meter  was  found  to  be  under  j  per  cent. 
The  air  was  forced  into  the  air  meter  by  means  of  a  small  fan,  driven  by  a 
little  water  motor.  The  pressure  was  determined  by  passing  it,  before  it 
entered  the  meter,  through  a  small  air  holder  maintained  by  weights  at  a 
constant  height.  The  cooling  jacket  water  passed  to  the  engine  throueh 
pipes  in  which  small  copper  tubes  were  inserted,  one  at  the  entrance,  the 
other  at  the  exit ;  these  tubes  contained  delicately  graduated  thermo- 
meters. The  quantity  of  water  was  previously  measured  in  gauged  tanks, 
and  afterwards  passed  into  another  tank. 

The  governor  was  not  acting  during  the  experiments.  The  opening 
admitting  the  gas  could  be  adjusted  by  means  ot  a  screw,  but  in  the  trial 
the  mixture  was  kept  uniform,  with  the  same  proportion  of  gas.  Speed 
counters  were  arranged  on  the  crank  shnft  and  valves. 

Temperature  of  Gases  at  Exhaust.  —The  next  question  was  to  deter- 
mine the  temperature  of  the  gases  of  combustion.     The  author  began  by 
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UkiDff  Um  ^mperatnra  with  pvromotan  fixed  in  the  exhaust  paaaagap 
bnt  found  an  error  of  50"  in  the  beat  inatramente.  He  next  operated 
with  ordinary  glaet,  qoicksilver,  and  nitrogen  thermometers,  marking  np 
to  460*  C  Bj  ooolin^  the  cylinder  veiy  considerably ,  and  greatly  redncing 
the  speed,  it  was  possible  to  rednce  the  temperatare  of  the  exhanat  ^aaes  to 
the  desireid  limit.  No  practical  results  were,  however,  obtaMied  nntd  a  ball 
calorimeter  was  used.  In  the  ordioaiy  exhaust  pipe  a  oock  was  fixed 
which,  when  opa&t  allowed  the  gases  to  paaa  in  tne  uaual  way  into  the 
atmosphere.  When  closed,  the  gaaea  of  combustion  were  forced  thronds 
another  channel,  joining  the  main  exhaust  pipe  at  a  point  below  the  oock. 
In  this  pipe  was  a  hollow  oock,  the  socket  of  which  contained  an  iron  ball. 
By  turning  the  cock  90*  either  way  the  ball  oould  be  introduced  into  the 
socket,  or  allowed  to  fall  out  below.  To  make  an  experiment,  the  gaaes 
were  first  shut  off  from  their  usual  course,  and  the  side  cock  opened,  caumns 
them  to  flow  throush  an  auxiliary  pipe.  The  ball  bein^  previously  placea 
in  the  socket,  and  kept  in  position  by  wire-netting,  it  was  exposed  for 
half  an  hour  to  the  darreut  of  the  hot  exhaust  gases.  A  calorimeter  con- 
taining water  was  then  placed  beneath  it,  the  oock  turned,  and  the  ball 
droppeid  into  the  calorimeter,  when  its  temperature  was  determined  in  the 
usual  way  by  the  rise  in  temperature  of  the  water.  The  author  thus 
succeeded  in  obtaining  accurately  the  temperatnrea  of  the  exhaust  gases 
which,  plotted  on  a  curve,  were  compared  with  those  arrived  at  with  an 
oriiinary  thermometer. 

The  indicators  employed  were  of  various  kinds.  No  brake  was  used  on 
the  engine  clurinL'  tne  experiments,  because  the  author,  who  worked  for 
the  most  part  entirely  without  help,  was  not  able  to  carry  out  brake  at  the 
same  time  as  calorimetric  experiments.  The  brake  efficiency  was  at  other 
times  carefully  noted. 

Volume  of  Glearanoe  Space. — ^The  compression  or  clearance  space  of 
the  engine  was  60  per  cent,  of  the  total  suction  volume  of  the  piston.  This 
was  determined — 1,  By  direct  measurement  of  the  internal  dimensions  of 
tlie  cylinder ;  2,  by  filling  the  cylinder  with  water,  and  thus  measuring 
both  the  compression  apace  and  volume  engendered  by  the  piston. 

Piston  Frioiion. — The  piston  friction  was  next  calculated,  the  heat 
thereby  generated  affecting  materially  the  heat  balance  of  the  motor.  This 
was  done  by  shutting  off  one  of  the  two  cylinders,  and  running  it  without 
gas  ;  the  rise  in  temperature  of  the  jacket  water  gave  the  heat  due  to  the 
piston  friction.  Seven  experiments  were  made  on  two  different  days,  and 
50  litres  of  ciroulatinff  water  used.  The  trial  varied  from  half  an  hoar 
to  an  hour  and  a  halif,  and  the  rise  in  the  temperature  of  the  water, 
oorrected  for  the  heat  of  the  room  (which  was  alw^s  about  3°  highoi 
than  that  of  the  water  at  discharge),  varied  from  S**  to  tr.  The  heat  carried 
off  per  cycle  varied  from  0*09  to  0*13  calorie.  The  mean  temperature 
of  uie  walls  was  about  3*  below  that  of  the  water  at  discharge.*  The 
results,  when  plotted  out,  showed  that  the  friction  of  the  piston  decreased 
with  the  rise  in  temperature  of  the  walls  for  about  the  same  number  of 
revolutions ;  in  other  words,  the  higher  the  temperature  of  the  walls,  the  less 
heat  was  carried  off  by  the  jacket  water,  or  the  less  friction  was  generated. 
This  was  clearly  reveuled  by  the  experiment  of  the  21st  April,  18&,  and  the 


piston  friction  was  found  to  depend  not  on  the  speed,  but  on  the  mean  tem- 
perature of  the  walls.  Thus  with  a  mean  wall  temperature  of  9**4,  the 
heat  jgenerated  by  the  piston  during  tMro  revolutions,  or  one  aycle,  was  0*183 
calorie;  with  a  wall  temperature  of  15**6  it  was  0*17  calorie.  The  speeds 
varied  from  97  to  182  revolutions  per  minute.  These  results  are  worked 
•out  and  Bumme<l  up  in  a  table,  showing  the  generation  of  heat  by  piston 
friction,  with  a  wall  temperature  of  10*  to  55*.  Taking  into  account  the 
indicated  work,  the  author  arrived  at  the  conclusion  that»  the  lower  tke 

•  l*hs  tsmpflfAiaFe  of  the  oaBt-lron  cylinder  wall  was  always  taksa  as  a  mean  between 
Ae  temperstare  of  Inlet  and  oallat  of  jacket  water. 
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^oaU  temperature  the  greater  the  friction.  With  &  tempeBatnre  of  10*, 
nearly  one-third  the  iodicated  work  was  expended  in  piston  friction ;  it 
«ank  to  6*5  per  cent.,  with  a  wall  temperature  of  4(f,  corresponding  to  a 
temperature  of  the  water  at  discharge  of  70°.  If  it  were  possible  to  reduce 
the  wall  temperature  to  3%  the  engine  would  not  be  able  to  overcome  the 
frictional  resistance. 

General  Cydle. — Pamphlet  HL — The  amount  of  heat  turned  into  indi- 
-oated  work  during  a  complete  cycle  in  a  gas  engine,  is  influenced  by  the 
following  factors  :— 1,  Ueat  value  of  the  eas ;  2,  piston  speed ;  3,  tempera- 
ture of  the  walls ;  4,  proportion  in  which  the  gas  is  diluted  with  air,  or 
with  neutral  gases  ;  5,  amount  of  compression  b^ore  ignition.  To  study  a 
gas  enffine  properly,  each  of  these  five  should  be  separately  varied,  the 
others  Being  maintained  constant.  The  heat  value  of  tne  eas  having  been 
already  considered,  the  next  question  is  the  influence  of  the  piston  speed. 
The  author  found  that  his  experiments  did  not  confirm  the  general  opmion 
that  the  efficiency  increased  with  the  speed.  The  gas  consumption  per 
LH.P.  per  hour,  when  the  ensine  was  running  at  87  and  at  180  revolutions 
per  minute,  was  practically  the  same,  the  temperature  of  the  out  jacket 
water  varied  only  2**  or  3*.  The  I.H.P.  was  more  than  one-third  higher  at 
i;he  above  high  speed,  but  the  negative  work  was  greatly  increased.  "  As 
these  results  were  questioned,"  says  the  author,  "  I  repeated  my  experi- 
ments in  sets  of  two  together  on  the  same  day,  and  proved  that,  if  a  motor 
is  allowed  to  run  continuously  for  some  time,  and  the  speed  be  increased, 
•certain  phenomena  intimately  connected  with  it  make  their  appearance, 
which  not  only  counterbalance  the  favourable  effect  of  the  augmented 
speed,  but  act  prejudicially  in  the  opposite  direction.  These  influences  are 
principally  manifested  by  the  rise  m  temperature  of  the  products  of  com- 
bustion, and  the  increase  of  the  negative  work,  corresponding  to  the  periods 
•of  exhaust  and  admission  in  the  gas  engine.  The  increase  i^  negative  work 
was  revealed  by  the  indicator  which,  with  a  weak  spring,  showed  that  the 
mean  pressure  corresponding  to  the  negative  work  rose  from  0*070  kilo, 
per  square  centimetre  when  the  engine  was  running  at  92  revolutions,  to 
-0*242  kilo,  per  square  centimetre  at  191  revolutions.  The  temperature  at 
which  the  products  were  discharged  rose  at  the  same  time  more  than  150**." 

Two  series  of  experiments  were  undertaken  to  determine  the  influence  of 
the  speed,  and  yielded  results  at  variance  with  those  obtained  by  Professor 
Witz.  The  temperatures  of  the  jacket  water  and  exhaust  gases  were 
imeasured  as  described. 

The  cycle  of  the  gas  engine  was  divided  into—l,  Admission ;  2,  Com- 
pression ;  3,  Ignition ;  4,  Expansion ;  5,  Discharge,  and  each  of  these 
periods  was  studied  experimentally. 

Considering  first  the  admission  period,  the  author  found  that  though  the 
proportion  oi  air  to  gas  varied  a  little,  the  mean  temperature  of  the  jacket 
water,  or  that  of  the  walls,  rose  slightly,  though  not  in  every  case,  and  the 
temperature  of  the  exhaust  gases  always,  in  almost  exact  proportion  to  the 
increase  in  the  speed.  With  90  revolutions  the  exhaust  temperature  was 
400*  C,  and  with  170  revolutions,  529°  C.  The  total  volume  of  the  charge 
4lrawn  in  per  stroke  decreased  with  increase  of  speed;  with  double  the 
revolutions  it  fell  more  than  20  per  cent.  This  proportion  varied  in  the 
•different  experiments,  the  difference  bein^  less,  the  higher  the  speed.  It 
was  clearly  a  result  of  the  available  admission  volume,  which  was  dependent 
-on  the  pressures  at  beginning  and  end  of  the  cycle,  and  upon  the  mean 
temperatures  at  these  two  periods.  To  determine  the  pressure  during 
admission,  it  was  necessary  to  know  how  far  the  line  of  admission  varied  in 
pressure  from  that  of  the  atmosphere.  This  initial  pressure  was  found  to 
mcrease  in  almost  exact  ratio  to  the  increase  of  speed,  from  whence  the 
author  concluded  that  it  depended  entirely  upon  the  number  of  revolutUma. 

Other  experiments  on  the  back  pressure  of  the  exhaust  gases  showed 
4hat,  tit  the  moment  the  exhaust  valve  closed,  the  pressure  line  nm 
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■lightly,  in  fairly  ez»ot  proportion  to  the  number  of  revolntiona.  It  was 
always  higher  with  incroMe  of  speed,  wring  from  8  mm.  with  98  totoIu- 
tions,  to  14  mm.  with  184  reToLataooe  (eoaie— -29  mm.  «  1  kilo,  per  aq.  cm.) 
Plotting  oat  the  Talnee  obtained,  the  anthor  found  that,  howerer  the 
oonditioiia  of  dieoharge  were  Taried,  the  preasuret  always  roae  with  the 
inereaee  of  speed,  bat  maoh  more  gradnally  after  the  engine  had  been 
ranninff  for  an  hoar,  and  a  oertain  eqailibrinm  in  working  was  obtained. 
Thus  tM  eshaost  as  well  as  the  initial  pressars  depended  entirely  on  the 
speed. 

The  temperatures  at  admission  and  diseharge  of  the  ftases  remained  to  be 
oonaidered.  The  first  the  aathor  had  no  means  of  determining.  The 
temperatore  of  the  prodaets  of  oombuation  left  in  the  cylinder  is  aboot  ib» 
same  as  that  determined  with  the  calorimeter  and  ball,  bat  at  the  moment 
the  exhaust  Talve  opens,  the  aathor  Terified  a  sadden  momentsry  rise 
of  2*  or  3*.  Nevertheless  he  assumed  that  the  mean  temperature  of  the 
products  in  the  cylinder,  and  of  the  exhaust  gases,  was  the  same.  The 
temperature  of  the  exhaust  gases  was  higher  in  the  one  set  of  experiments 
than  in  the  other,  about  3  per  oent^  absolute  temperature  at  150  revolataoDs, 
although  the  speed  and  the  Tolume  of  the  charse  were  the  same,  and  this 
was  exi^ined  t>y  the  difference  in  pressure,  which  was  14  per  oent^  By 
itself  this  difference  should  haye  produced  a  higher  exhaust  temperature ; 
but  the  mean  temperature  of  the  walls  was  on  the  other  hand  5**  lower,  thus 
showing  their  influence  on  the  temperatore  of  the  exhaust.  The  tempera- 
ture of  the  charge  in  the  cylinder  at  the  end  of  admission  was  obtained  by 
calculation.  Plotted  out  on  curves,  the  figures  showed  that  this  temperature 
also  increased  with  the  speed,  but  not  much.  With  douUa  the  number  ol 
revolutions,  the  increase  was  only  from  106*  G  to  1S8*  C  The  two 
experiments  showed  the  same  Tanation  of  temperature  as  before  verified, 
about  7*  at  equal  speeds  (100  revolutions).  Hence  the  mean  temperature 
of  the  products  left  in  the  cylinder  had  but  a  alight  influence  upon  the 
mean  temperatore  of  the  freshly  admitted  charge.  The  author  was  able  to 
determine  with  certainty  that  tiie  temperature  of  the  charse  at  admisaion 
was  about  100*  higher  than  that  of  the  cooling  water  at  discharge. 

He  sums  up  these  researches  by  stating  that  the  differeoces  in  the  volume 
of  the  charge  can  be  explained  only  by  these  diffBrsnoss  of  preaaurea  and 
temperatures,  which  he  formulates  thus — 

pressure  at  admission  of  oharge         «  $i  .  o-040  x  number  of  revs, 
abs.  temperatore  at~admission  of  oharge  "  * 

pressure  at  ex^ust         ^  ^  ^  nomber  of  revolutiona. 

abs.  temperature  at  exhaua* 

These  were  the  values  for  the  first  aet  of  experiments.  They  differed  in  the 
aecond  experimenta  chiefly  in  reapeot  to  the  exhaust  temperature  and 
preaaure,  which,  unlike  the  admiaaion  preaaure  and  temperature,  depemded 
on  the  mean  wall  temperature  ae  weU  ae  the  speed. 

Walls  during  Admission— Speed  i&fltoot. — ^The  author  next  endeavoured 
to  determine  the  action  of  the  walla  daring  admission,  their  temperature 
being  then  lower  than  that  of  the  gaaea  in  the  cylinder.  The  difference 
between  the  heat  eiven  off  by  the  products  in  the  cylinder,  and  that  ab- 
sorbed by  the  fi^esn  charge  paases  into  the  cooling  water,  and  it  is  necessary 
to  know  the  weights  of  the  products,  of  the  gas,  and  of  the  air  composing 
the  charge.  The  weight  of  tne  products  he  found  to  diminish  in  exact  ratio 
to  the  increase  of  speed,  being  with  90  revolutions  d'21  grammes,  with  1&4 
revolutions  2*88  fframmes.  'Ae  specific  heat  of  the  products  increases.  On 
the  other  hand,  toe  heat  carried  off  to  the  oooUng  water  during  admissioii 
increases  greatly  with  the  speed.  In  the  first  set  of  experiments  it  rose 
from  0-08  caL  to  0*16  cal.,  the  speed  being  doubled,  and  in  the  second  from 
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002  cal.  to  0*10  oal.  for  the  same  incr«Me  of  speed,  the  temperature  of  the 
walls  in  the  Utter  case  being  aboat  5*  higher.  "It  follows,"  says  Dr. 
SUby,  "that  for  ^e  heat  given  otf  to  the  walls  the  rise  in  temperature  of 
the  prodacts,  increasing  with  the  speed,  has  a  £ar  greater  effect  than  the 
dimmished  time  of  contact  with  the  walls." 

Hence  he  deduces  that  the  pressures  and  temperatures  at  admission  and 
exhaust  are  variable,  and  depend  on  the  speed,  and  the  mean  temperature 
of  the  walls.  The  admission  pressure  and  temperature  depend  on  the 
speed,  and  are  but  slightly  affected  by  the  temperature  of  the  products  with 
which  the  fresh  charge  mingles,  and  that  of  the  cooling  water.  The 
exhaust  temperature  and  pressure  are  greatly  affected  by  the  walls.  If  no 
water  is  allowed  to  collect  in  the  exhaust  pipe^  the  pressure  of  exhaust 
becomes  a  function  of  the  speed,  and  the  proportion  of  pressure  to  tempera- 
ture of  exhaust,  the  wall  temperature  and  dilution  of  the  charge  being 
maintained  constant,  can  be  approximately  calculated  from  the  speed.  Thus 
formul»  are  obtained  for  calculating  the  volume  of  the  charge  admitted 
per  stroke,  the  total  weight  (including  that  of  the  products)  and  quantity 
of  heat  nven  to  the  cooling  jacket,  fte  author  considecB  that  the  sreater 
the  nuxnber  of  revolutions  the  smaller  the  charge,  and  he  savs  furwer : — 
'*  If  the  quantity  of  gas  admitted  is  smaller  at  mgh  than  at  low  speeds,  it 
will  be  evident  that  the  difference  between  the  heat  given  off  by  the 
products  during  admission,  and  the  heat  taken  up  by  the  freshly  admitted 
charge  must  be  considerably  mcreased  by  increase  of  speed." 

Indicators. — ^Pamphlet  IV.— The  least  known  part  of  the  gas  engine 
cycle  is  that  comprising  the  ignition  and  expansion  of  the  charge.  There 
is  only  one  way  of  determining  the  connection  between  the  spread  of  the 
flame  and  the  cooling  influence  of  the  walls,  namely,  an  analysis  of  the  indi- 
cator diagram.  The  author,  therefore,  devotes  the  whole  of  this  pamphlet 
to  an  exhaustive  study  of  indicators  (Crosby  and  others)  and  a  determination 
of  their  limits  of  error.  The  indicators  chiefly  used  during  the  experiments 
were  a  Crosby  and  a  Storchschnabel. 

Ck>mpression. — Pamphlet  Y.  deals  with  compression  in  the  gas  engine. 
During  this  period  the  amount  of  heat  set  in  motion  and  its  direction  should 
be  determined.  The  problem  is  simple,  if  the  compression  curve  be  re- 
placed by  a  "  poly  tropic  *'  *  curve. 

ptf^  ss  const. 

The  initial  i>re88ure  having  been  shown  to  depend  entirely  on  the  speed, 
the  compression  pressures  must  be  taken  from  the  diagrams.  The  mean 
pressures  for  two  sets  of  experiments  are  given  in  tables,  and  when  plotted 
out,  the  abscis8»  representing  the  number  of  revolutions,  and  the  ordinates  the 
pressures  of  compression  in  millimetres  above  atmosphere,  these  compression 
pressures  are  shown  to  follow  a  strict  law,  and  to  dwreaae  in  proportion  to 
the  increase  of  the  speed.  This  law  the  author  reduces  to  a  forujuitt.  From 
the  two  sets  of  experiments  he  lays  down  the  propoeition  that  the  compreMsion 
preagure  depends  entirely  upon  the  speed  qf  ike  engine,  and  can  be  reeioned  by 
a  given  formula.  Desiring  next  to  know  if  the  compression  curve  agreed 
with  the  polytropic  during  its  whole  course,  he  calculates  the  pressures,  at 
half  way  through  the  stroke,  from  all  the  diagrams  of  the  second  set  of 
experiments.  They  were  also  found  to  diminish  with  increase  of  speed, 
though  not  to  the  same  extent  as  the  initial  pressures,  and  thus  tiie  com- 

rBBion  curve  agreed  with  the  polytropic  throughout  its  course,  and  could 
accurately  calculated,  the  exponent  being  1  *29.     To  prove  its  variation 
from  the  adiabatic,  the  author  reckoned  the  specific  heat  for  both  curves  at 

•  **Fol7tropio  "  1b  the  camd  given  by  Zeaner  to  any  carre  which  ean  be  represeated  by  the 
fonnalapv**  B  oonBtant  The  iBOthermal  and  adlabatio  oarvea  oome  nnder  this  law,  with 
different  exponents,  m;  the  polytropic  may  he  called  the  generic  curre,  of  which  the  iao- 
tbermal  and  adiabatic  are  varying  forma  For  a  full  explanation  of  the  law,  see  Zenner, 
TkertMxiynainiMt  and  SohOttler.  ^q 
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ooiwtuit  pratrare  and  Tolimie  of  the  mixtora  of  gM,  air,  and  prodoetaL  Ik 
wma  considerably  higliar  for  tho  mdiabatio  thao  for  the  polytropio  currei, 
with  which  be  had  proved  the  compreaaioii  curve  to  agree,  and  heoce  he 
oonclades  that  dmrimg  eomprtstioH  tiert  U  a  lom  o/heeU  to  the  waUs,  Other 
eooditioiit  being  equal,  this  compreaaioii  prearare  is  a  fonotion  of  the  apeed. 
Thna  at  100  revolatiooa,  the  initial  preaaore  being  atmoapheric,  tho  prearare 
of  compresaion  b  Si(0  kiloa.  per  aqnare  centimetre ;  at  2U0  reToIatiooa 
(double  speed)  it  ia  S-06  kiloa 

The  mean  temperatnre  dormg  compresaion  inoreaaea  with  the  apeed. 
With  a  mean  temperature  of  20O*C.  the  specific  heat  of  the  prodocta  of 
combustion  is  11*5  per  oant  higher  than  at  0*.  The  mean  riae  ia  130*,  the 
proportion  between  the  initial  and  oompreasion  temperaturea  remaining 
constant  at  1  '32.  The  work  of  oompreaaion,  eapeoiaUy  the  increase  in  the 
iutemal  work,  alao  depends  upon  the  speed.  The  change  of  oondition  is 
accompanied  by  a  canyinff  off  of  the  heat,  but  this  abetractioii  of  hAat  is 
sinall,  and  slightly  diminisnea  with  increase  of  speed. 

Ignition  Period.  —The  next  question  considered  is  the  ignition  period. 
This  can  only  be  studied  by  the  help  of  the  indicator  diagrama  taken  by 
the  author  in  each  experiment.  The  differences  in  the  diagrams  obtained 
under  precisely  siniifar  conditions  the  author  attributea  to  the  varying 
composition  of  the  gaa  mixture  which,  even  if  the  valve  action  ia  perfectly 
regular,  is  subject  to  uncontrollable  fluctuations,  due  to  alight  differences 
iu  the  speed  of  ignition.  It  is  well  known  from  Mallard  and  Le  Chatelier's 
exiieriments  that  the  speed  of  ignition  increases  up  to  a  mazimmn  with 
increasing  riohneas  in  the  j^aa  mixture,  but  if  the  proportion  of  gaa  be  still 
girater,  it  falls  aoaln.  The  indicator  diagrams  showing  the  effect  of  a 
richer  or  poorer  mucture  give  curves  sinking  regularly  one  below  the  other 
with  the  decrease  in  the  proportion  of  gas  in  the  mixture,  but  do  not  explain 
the  variation  in  tha  rounding  shape  of  the  top  of  the  diagram.  The  author 
does  not  attribute  this  to  the  iguition  flame,  but  considers  that  it  is  probably 
caused  by  differences  in  the  looal  arrangement  of  the  charce,  ana  not  hj 
fluctuations  in  the  strength  of  the  mixture,  which  can  hardly  occur  when 
the  engine  is  running  regularly.  The  small,  perfectly  verticiu  part  of  the 
indicator  diagrama  obtained  by  him  is  due  to  the  force  of  the  exploaion  in 
the  i^tion  fort ;  the  rest  of  the  line,  deviatinsr  more  or  less  from  the  per- 
pendicular, represents  the  ignition  of  the  remainder  of  the  charge.  At  the 
top  of  all  diagrams  (taken  with  double  springs)  he  found  a  distinct  "  nick," 
marking  the  |ioint  where  expansion  ana  faU  of  pressure  began.  To  this, 
the  point  of  highest  temperature  in  the  cycle,  he  devoted  careful  study. 

Considering  first  the  temperature  and  pressure  of  oompression,  and  of 
this  maximum  point  in  the  diagram,  he  reckons  the  mean  specific  heat  ol 
the  charge  at  constant  volume  from  that  at  these  two  points.  The  amount 
of  heat  snown  by  the  diagrams  in  the  area  enclosed  between  the  point  of 
highest  compression  and  of  maximum  temperature  (ignition),  the  atmo- 
spheric  line  and  the  corresponding  ordinate  of  pleasure,  is  always  lees  than 
that  set  free  by  the  combustion  of  the  gases.  This  difference  in  heat  most 
be  accounted  for  in  one  of  three  ways.  Either  it  is  developed  during  tiiis 
period,  in  which  case  it  must  be  entirely  absorbed  by  the  walls ;  or  incom- 
plete combustion,  '*  nachbrennen  "  takes  plaoe ;  or  both  prooeasos  are 
combined.  Analyses  of  the  products  prove  that,  at  some  period  of  the  stroke, 
there  is  perfect  combustion  of  the  whole  gaseous  mixture.  If  the  heat 
passes  into  the  walls,  the  amount  thus  transferred  must  be  in  proportion 
to  the  surfaces  in  contact,  time  of  exposure,  and  difference  of  temperatare. 
If  '*  nachbrennen  "  is  produced,  it  must  depend  on  the  proportional  eompo- 
sition  of  the  charse,  and  on  the  speed,  and  be  increased  by  poorer  mixtures 
and  greater  spee&  The  figures  obtained  by  the  author  show,  especially 
with  reference  to  the  speed,  that  this  is  not  so.  Taking  the  di^renoe 
between  the  total  heat  of  the  charge  at  this  point  of  the  stroke,  and  the 
heat  of  combustion  shown  in  the  diagrams^  and  plotting  them  ont^  this 
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author  finds  the  percentage  of  this  difference  to  be  higher  with  low  than 
with  greater  speeds,  being  8*5  \>er  cent,  with  179  revolutions,  and  13*2  per 
cent,  with  100*6  revelations.  At  160  revolutions  about  10  per  cent,  of  the 
total  heat  disappeared.  As  neither  the  surftkces  nor  the  maximum  temper- 
atures vary  much,  the  differences  producing  this  loss  of  heat  must  lie  in  the 
time  of  wall  contact.  If  all  this  neat  passes  into  the  walls,  it  will  be  pro- 
portioned to  the  time  the  indicator  pencil  takes  to  travel  from  the  compres- 
sion to  the  ignition  point,  or  what  tne  author  calls  the  *'  time  of  ignition.** 
The  phenomenon  cannot  be  caused  bjr  irregularities  in  the  action  of  the 
engine,  because  these,  when  tested  for  time  with  the  usual  tuning-fork  appa- 
ratus, were  found  to  be  less  than  i  per  cent. ;  the  speed  was  therefore 
constant. 

The  author  proceeds  to  find  the  angle  through  which  the  crank  passes 
during  this  period,  and  expresses  in  a  formula  the  proportion  between  the 
distance  passed  through,  and  the  angle  of  crank  revolution.  By  these 
means  he  was  able  to  determine  the  time  occopied  in  traversing  the  distance, 
in  proportion  to  the  speed,  which,  when  plotted  out,  showed  that  the  shorter 
the  time  the  less  heat  disappeared.  The  increase  in  the  heat  lost  was  pro- 
portioned to  the  duration  of  combustion.  Hence  the  author  assumes  tnat^ 
at  the  point  of  highest  temperature  combuation  ia  eruled^  and  the  heat  not 
ehown  in  the  diagranu  hcus  tohoUy  jxueed  into  the  waUs, 

Speed  of  Ignition. —Having  thus  arrived  at  the  time  of  ignition,  the 
author  was  able  to  determine  approximately  the  speed  of  ignition.  By 
calculation  and  measuring  the  diagram,  he  reckoned  the  total  length  of  the 
ignition  channel  in  proportion  to  the  length  of  stroke,  and  was  thus  able  to 
express  the  ignition  speed  in  a  formula.  This  speed  of  ignition  was  nearly 
doubled  with  twice  the  number  of  revolutions,  Ming  for  100  revolutions  2*6 
metres  per  second,  and  for  180  revolutions  4*5  metres.  These  figures  agree 
with  Mallard  and  Le  Chatelier,  who  found  that  the  speed  of  ignition  increased 
greatly  when  the  gas  was  in  a  state  of  violent  motion,  and  attributed  the 
phenomenon  not  onlv  to  conduction,  bat  to  differences  of  speed  in  the 
component  parts  of  the  gas.  As  the  charge  in  a  gas  engine  must  be  in 
violent  motion  during  ignition,  combustion  is  really  complete  at  the  point 
of  maximum  temperature,  between  ignition  and  expansion.  Thus  there  is 
a  sudden  explosion  and  rise  in  pressure  at  first,  then  a  powerful  flame  darts 
into  the  cylinder,  and  with  a  smaller  speed  of  propagation  ignites  the 
whole  charge.  This  speed  of  pro])agation  is  affected  oy— Composition  of 
the  mixture ;  speed  of  the  engine  (shown  in  the  more  rapid  motion  pro- 
duced in  the  cylinder) ;  the  particular  local  stratification  of  the  gaseous 
mass,  whether  homogeneous  or  otherwise.  Combustion  is  completely  ended 
in  from  0*03  to  0*06  second,  corresponding  to  the  maximum  mean  tempera- 
ture, after  which  expansion,  without  addition  of  heat,  takes  place.  No 
dissociation  is  possible,  since  the  maximum  temperature  is  never  above 
1,600**  C.  During  combustion  the  flame  certainly  comes  in  contact  with 
the  waUs,  and  transfers  to  them  some  of  its  heat.  But  this  is  only  from 
8  to  13  per  cent,  of  the  total  heat,  and  therefore,  considerinff  the  difference 
between  the  heat  conductivity  of  the  metal  and  that  of  the  products  of 
combustion,  we  may  conclude  that  this  contact  does  not  last  long.  The 
process  of  combustion  chiefly  takes  place  in  the  kernel  of  the  charge,  sur- 
rounded by  neutral  gases.  The  author  therefore  is  of  Otto's  opinion, 
and  considers  that  the  composition  of  the  centre  of  the  charge  not  being 
homogeneous,  a  more  favourable  economic  effect  is  produced. 

Bzpanslon  Period.— Pamphlet  YI.  treats  of  the  period  of  expansion. 
The  author  calculates  the  heat  lost  to  the  walls  during  this  period  trom  the 
difference  between  the  area  of  work  in  the  diaffrani,  and  the  total  heat  of 
the  gaseous  mass.  The  expansion  curve  he  divides  into  sections,  and  traces 
polytropic  curves  from  one  ordinate  of  pressure  to  the  next.  The  expo- 
nent, already  given,  is  governed  by  the  speed.  The  values  thus  obtained 
are  plotted  out,  and  when  compared  with  true  adiabatic  curves,  the  author 
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found  that  daring  6Z|MUidon  there  u  a  amtinuotu  eanying  of  of  a  large 
amomU  qfheai  to  the  tcalU,  the  temperature  failing  at  J!rst,  and  then  rifiiuy. 
Thk  ia  explained  bv  the  oombined  inflaence  of  the  decreasing  temperatore 
and  increasing  wall  snrfaoe  exposed.  At  the  beginning  of  expansion,  the 
quantity  of  heat  carried  off  is  determined  by  the  temperature,  at  the  end 
of  expansion,  by  the  oooling  wall  surface.  It  is  only  at  a  speed  of  400 
reTolutions  per  minute  that  the  expansioii  cunre  approximates  to  the 
adiabatic. 

C'onsidering  next  the  faot,  shown  already  to  be  probable,  that  during; 
expansion  no  increase  of  heat  is  produced  by  intenial  heating,  the  heat 
parted  with  externally  must  be  at  tne  expense  of  the  internal  energy  of  the 
gas.  This  can  be  calculated  from  the  temperatures  and  the  corresponding 
s|iecilio  heats  at  constant  volume.  The  difference  between  this  intenal 
energy  and  the  external  work  done  shows  the  amount  of  heat  imparted  to 
the  walls.  These  three  quantities  can  be  expressed  either  as  heat  or  as 
work.  As  work  they  may  be  measured  on  the  indicator  diagram  as  func- 
tions of  the  lengths  of  stroke,  and  represent  the  divisions  of  heat.  The 
two  quantities  of  internal  and  external  heat  are  reckoned  for  any  given 
portion  of  the  stroke,  converted  into  units  of  work,  and  divided  by  the 
volume  passed  through  by  the  piston.  Plotted  out,  they  show  that  the 
abstraction  of  heat  by  the  walls  follows  a  regular  oourse.  At  first  the  walls 
are  relatively  very  cool,  and  the  temperature  of  exploeion  very  high.  As 
the  wall  temperature  rises,  less  heat  is  abstracted,  and  at  the  end  of  com- 
bustion a  mmimum  is  reached.  The  heat  curve  now  rises,  because  the 
cooling  surfaces  are  increased  by  the  out  stroke,  but  about  the  middle  of 
the  stroke  another  fall  is  produced  by  the  increased  piston  speed.  It  aeain 
rises  at  the  end  of  the  stroke,  as  the  speed  is  reduced.  These  curves  show 
only  the  amount  of  heat  aolually  abstracted,  and  do  not  enable  us  to  verify 
the  progress  of  combustion,  and  whether  part  of  the  heat  carried  off  is 
developed  bv  "nachbrennen."  They  reveal,  however,  that  the  heat  partetl 
with  to  the  lacket  during  expansion,  is  inversely  as  the  speed.  The  higher 
the  speed,  the  less  heat  is  carried  off. 

Exhaust  Period. — This  may  be  divided  into  two  parts.  Daring  the 
first,  occupying  the  last  tenth  of  the  forward  stroke,  a  portion  of  the  gases 
escape,  carrying  off  part  of  the  total  energy  of  the  charge,  in  the  uiape 
of  **/orcf  vitfe,  or  ''energy  of  exhaust"  (as  Zeuner  caSs  it).  The  re- 
mainder of  the  gases  are  discharged  at  lower  speed  during  the  return 
stroke.  The  author  endeavours  to  determine  the  heat  ^ue  of  this 
"energy  of  exhaust*'  from  the  heat  balance  of  the  engine.  The  heat 
received  is  the  heat  set  free  by  the  combustion  of  the  lighting  ^u.  The 
hent  ^oing  out  is  divided  into  —  1,  Indicated  work,  both  positive  and 
neg.-itive,  measured  from  the  area  of  the  diagrams,  and  reduced  to  calories. 

2,  Heat  passing  into  the  walls  and  carrieil  off  into  the  coolins  water, 
less  the  heat  absorbed  in  piston  friction.  The  latter  heat  value  is  calcu- 
lated, as  before  stated,  from  the  rise  in  temperature  of  the  jacket  water 
and  the  quantity  used,  which  was  always  2(X)  litres;  the  time  of  passing 
this  quantity  through  the  jacket  varied  from  fourteen  to  twenty  minutes. 

3,  The  aiipreciable  neat  carried  off  in  the  products  of  combustion.  The 
weight  ot  the  products  is  known,  being  the  same  as  the  weight  of  gas  and 
air  admitted  per  stroke.  Their  mean  temperature  is  calculated  from  the 
weight  of  the  gas  and  air,  plus  their  specific  heat  at  constant  pressure,  and 
the  ditference  between  the  temperatures  at  admission  and  exhaust.  The 
values  obtained  are  shown  in  a  table.  4,  Heat  value  of  the  work  of  resist- 
ance during  exhaust.  This  is  reckoned  from  the  difference  in  volume, 
namely,  the  increase  during  the  time  from  the  opening  of  the  exhaust  valve 
to  the  end  of  the  stroke  (about  one-tenth  of  stroke),  and  is  distinct  from 
the   heat  value  of  the  return  or  exhaust  stroke.     5,   The   "energy  of 

^exhaust/'  or  the  momentum  of  the  products  at  the  beginning  of  exhaust, 
shown  by  the  difference  between  the  pressure  at  the  opening  of  the 
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ezhAiist  valve  and  the  constant  back  pressure  daring  the  retnm  exhaust 
stroke.    This  difference  is  plotted  on  a  curve. 

The  variations  shown  are  referred  by  the  author  to  the  aocumulated 
action  of  the  walls.  Time  is  necessary,  that  the  metal  may  reach  a  state 
of  thermal  oauilibrium.  At  the  beginning  of  an  experiment  the  walls  are 
still  affected  oy  the  precedinff  trial,  and  contain  more  or  less  heat,  accord- 
ing to  the  previous  speed  of  the  engine.  In  this  way  the  author  deter- 
mines the  neat  accumulated  in  the  walls,  that  taken  up  by  them,  but  not 
carried  off  in  the  cooling  jacket,  and  that  withdrawn  from  the  walls,  but 
not  from  the  cycle.  The  values  obtained  for  this  "energy  of  exhaust'* 
give  the  mean  speed  of  the  sMea  during  the  last  tenth  of  the  xorward  stroke, 
reckoned  from  their  weight,  as  compared  with  the  total  weight  of  the 
products  during  exhaust.  The  speed  depends  on  the  mean  speed  of  the 
eoffine. 

Lastly,  the  total  heat  discharged  from  the  beginning  of  exhaust  to  the 
admission  of  the  fresh  charge  is  reckoned,  and  the  difference  between  it 
and  the  heat  of  the  products  remaining  in  the  cylinder.  It  represents  an 
energy  transformed  into — ^I.  Energy  of  dxscham;  II.  Back  pressure 
negative  work  ;  III.  Work  of  exhaust ;  and  IV.  Energy  carried  off  in  the 
water.  The  author  concludes  that,  in  the  escaping  gases  and  the  products 
remaining  in  the  cylinder,  there  is  a  certain  amount  of  energy  or  work 
represented  by  their  temperature.  The  difference  between  this  tempera- 
ture and  that  at  the  dosing  of  the  exhaust  valve  represents  a  loss  of  energy 
carried  off  during  exhaust  mto  the  atmosphere,  or  to  the  walls.  There  is  a 
perceptible  increase  in  this  heat  psrted  with  to  the  walls,  with  increase  of 
speed  in  the  engine. 
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APPENDIX    D. 


NOTE  ON  THE  OIL  INDUSTRY  IN  THE  CASPIAN  REGION 
[From  Marvin*s  **  Region  qf  Eternal  fire,") 

Until  1872  the  oil  industry  at  Baku  was  a  mooopoljr  of  the  CrowD  of 
Russia,  farmed  out  to  a  merchant  named  Meerzoeff.  The  European  market 
was  flooded  with  American  oil,  which  was  exclusively  used,  even  in  Ruasia, 
and  it  was  to  encourage  the  home  trade  that  the  Russian  Government  were 
induced  to  put  an  end  to  the  monopoly.  At  that  time  there  were  417  wells, 
with  an  annual  output  of  24,800  tons  of  oil,  and  the  price  of  petroleum  was 
£3.  10s.  per  ton.  An  excise  duty  was  imposed  until  1877,  since  which  date 
there  has  been  no  tax  or  check  upon  the  development  of  the  petroleum 
industry.  The  first  oil  fountain  was  "struck''  in  1873,  and  the  abundant 
and  continually  increasing  supply  has  reduced  the  poioe  from  forty-five 
kopecks  to  five  kopecks  per  pood.  The  number  of  drilled  wells  increased 
from  1  in  1871  to  400  in  1883,  and  the  production  of  refined  oil  from  16,400 
tons  in  1872  to  206,000  tons  in  1883.  The  price  of  land  in  the  oil  district 
round  Baku  has  also  risen  enormously,  and  in  1884  it  varied  from  10s.  to 
£2  per  squara  sajene  =  7  feet  square.  The  specific  gravity  of  the  crude  oil 
is  aoout  0*822 ;  it  yields  27  per  cent,  of  kerosene  or  ordinary  lighting  oil, 
having  a  flashing  point  of  36  C. 

Robert  Nobel,  a  Swedish  engineer,  started  his  first  oil  refinery  at  Baku 
in  1876,  and  was  soon  joined  by  his  brother  Ludwig,  who  assumed  the 
principal  direction  of  affairs.  The  Nobels  were  the  first  to  lay  down  a  pipe 
line,  at  a  cost  of  £10,000,  instead  of  conveying  the  oil  in  carts  to  the  distil- 
leries, and  the  outlay  was  covered  in  the  first  year.  There  were  id  1995 
seven  pipe  lines,  two  belonging  to  Nobel  Brothers,  three  to  private  Russian 
firms,  and  two  to  companies ;  161  million  gallons  of  oil  are  thus  conveyed 
yearly  to  the  refineries.  Being  foreigners,  the  Nobels  had  from  the  first  to 
struggle  with  severe  competition  from  the  Russian  firms,  and  after  laying 
down  their  pipe  line  were  next  obliged  to  build  their  own  steamers  to 
receive  the  oil.  The  first  oil  or  *'  cistern  steamer  "  was  constructed  in  the 
Nobel  shipbuilding  ysrd  at  St.  Petersburg,  and  appeared  on  the  Caspian 
in  1879.  The  firm  have  now  a  regular  fleet  of  vessels,  each  holding  about 
750  tons  of  kerosene,  as  well  as  twelve  smaller  distributing  ships  on  the 
Volga.  They  have  also  established  a  system  of  tank  cars  on  all  the 
Russian  railwsys,  and  possess  twenty-seven  oil  depdts  at  various  chief 
towns  in  Russia.  More  than  fifty-four  million  gallons  are  sold  by  them 
yearly,  and  they  have  over  forty  wells,  one  of  which  yielded,  in  1882, 
112,000  gallons  of  crude  oil.  The  following  table  shows  the  output  and 
price  of  petroleum  from  1873  (the  year  after  the  monopoly  was  taken  otf) 
to  1883,  and  the  production  and  total  exports  from  1884  to  1899 : — 
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In  the 

Gaspiait  Region. 

Tear. 

Output. 

Price  per  Ton 
at  Baku. 

1873  (monopoly  aboUshod),      . 

TOUB. 

64,000 

«.      d. 

7       9 

1874, 

78,000 

6      3 

1876,         

94,000 

15      6 

1876.        

194,000 

7      9 

1877  (excise  duty  taken  oflf),    . 

242,000 

12      6 

1878,     ^ 

/ 

320,000 

8      8 

1879, 

370,000 

6      3 

1880, 
1881, 

►     Nobel  Period,     ■ 

420,000 
490,000 

3      8 
2      6 

1882, 

680,000 

2      6 

1883,     J                                   I 

800,000 

2/6  to  6d.  and  lower. 

Tear. 

Total  Production  of 
Crude  OU. 

Total  Exports  of  all 
Petroleum  Products. 

1884,      y                                   [ 

Tons. 
1.451,600 

Tons. 
850,000 

1885, 

1,871,000 

1,056,450 

1886, 

2,580,600 

1,175,800 

1887. 

2,661,300 

1,416,130 

1888, 

8,100.000 

1,800,000 

1889, 

•     Nobel  Period,     ^ 

3,306,450 

2,470,000 

1890, 

3,854,840 

2,725,800 

1891, 

4,661,300 

2,943,550 

1892, 

4,806,450 

3,243,560 

1893, 

5,435,480 

4,000,000 

1894,     J                                   V 

4,903.220 

4,651.600 

(From  Redwood.) 


Tear. 

Totol  Production  of 

Crude  OU  in 

Russia. 

Total  Exports  of  aU 
Petroleum  Prodnots 
from  Batoum  only. 

1895,         

1896 

1897,         

1898,         

1899,         

Imperial  Qalls. 
1.776,574,000 

1,793,268,000 

1,883,810,000 

2,216,700,000 

3,307,957,000 

Tons. 
708,064 

696,160 

920,968 

1,108,080 

1,124,806 
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APPENDIX    E. 


U8BFUL  CONSTANTS  FOR  THE  CONVERSION  OF  MEASURES  OF 

LENGTHS,  VOLUMES,  PRESSURES,  HORSE- POWER, 

HEAT,  TEMPERATURES,  ftc. 


Mmsuim. 

Length,   .  . 

Area,  .     .  . 

Volume,  .  . 

PreBsure, .  . 

Weight.  .  . 
HorBe-power, 


BDffUsh. 


Meirie. 


Heat, 


i} 


'  1  inch 

1  foot  s  12  inches, 

1  miles:  1760  yd8.:=M20 

.     ft.,     .        .        .        . 

1  aquare  foot, 

1  cubic  foot,  . 

1  gall.  =  277-274  cub.  in.  1 
=016  cub.  ft.  =  10  lbs. 
water  at  62"  F., 

1  cub.  foot  of  water  s 
6-23  gaUfl.  =  62-35  lbs, 
at6/F.,    . 

1  lb.  per  aq.  inch, . 
1  lb.  per  aq.  foot,  . 
1  inch  of  water,     . 


lib.,     . 

1  English  H.P.  =  33,000  \ 
ft. -lbs.  per  minute,     ./ 

•  1  British  T,  U.  =  1  lb.  \ 
water  raised  T  K.,     ,  / 
1  British  T.U.,  per  lb., . 
1  Do.       per  cub.  ft.. 

Heat  equivalent  of  1  Eng- 
fflishH.P.  =33,000  ft. - 
Im.  divided  by  Joule's 
equivalent  for  I  T.U., 
33,000  _ 
"778  ■■ 
42*4  B.T.U.  per  min., 


778  ft. -lbs.  =  - 


sr  0*0254  metre  =  25 '4  millimetres. 
=  0*3048  metre. 

s  1609*7  metres  =  1*61  kilometre 

ss  0*0029  square  metre. 

=  0-0283  cub.  metre  =  2-83  litres. 

=  4*537  litres. 

s  28*375  litres  =  0*0283  cub.  metre. 

=  0*0703  kilo,  per  sq.  centimetre, 
s  4*883  kilogrammes  per  sq.  metre, 
ss  2*54  centimetres  of  water  =  0*187 
centimetres  of  mercury. 

ss  0*4536  kilogramme. 

SB  1*014  metric  horse-power. 

s=  0*252  calorie. 

=  0*556  calorie  per  kilogramme. 
B  8*9  calories  per  cub.  metre. 


s  10*68  calories  per  minute. 


Temperature, 


i{ 


To  obtain  degrees  Centiffrade  deduct  32  from  the  degrees  Fah- 
renheit, then  multiply  by  5  and  divide  by  9. 
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USEFUL  CONSTANTS  FOR  THE  CONVERSION  OF  MEASURES  OF 

LENGTHS,  VOLUMES,  PRESSURES,  HORSE-POWER, 

HEAT,  TEMPERATURES,  &c. 


Measures. 


Metrie. 


English. 


Length,    .  . 

Area,  .     .  . 

Volume,  .  . 

Pressure, .  . 


{I  metre  =  lOOOmillimetres, 
1  kilometre =1000  metres, 

1  square  metre, 

(  1  cub.  metres  1000 litre8\ 
{  =  lOOOkilogs.  of  water,  / 
[  1  Utre,  .... 


Heat,  .     .     . 


Horse-power, 

Weight,  .     . 
Temperature, 


ri  atmospheres  1  kilogrm.  1 
'  per  sq.  centimetre,  .  / 
1 1  kilo^mmepersq.  metre, 
[  1  centimetre  of  mercury, 

^  1  calorie =1  kilogramme  "j 

water  raised  1 C,      .  I 

1   calorie  =  427  kilo-  | 

gramme  metres,  .  j 

1  calorie  per  kilogrm.,  . 
1  calorie  per  cub.  metre. 

Heat  equivalent  of  1  met.  ^ 

H.P.  =  '-»4«>=10.5' 

.     calories  per  minute,   .  j 

metric  H.P.  =  75  kilo-  ] 
gramme  metres  per 
second, 


=  39*378  inches  =  3  28  feet. 
=r  3280  feet  =  0*621  mile. 

=  10*764  square  feet. 

=  35*315  cub.  feet  =  220  galU. 

=  00363  cub.  foot  =  0*22  gall.  =  61 
cub.  inches. 


14*22  lbs.  per  sq.  inch  =  2060  lbs. 

per  sq.  foot. 
0*205  lb.  per  sq.  foot. 
6-35  inches  of  water  =  0*193  lb. 

per  sq.  inch. 


=  3*985  British  thermal  units. 


1*8  do. 

01 12       do. 


do.       per  lb. 
do.      per  cub  ft. 


(■ 


I  kilogramme  =  1  litre  \ 
of  water  at  4"C.,        .  J 


{To  obtain  degrees  Fahrenheit 
by  1*8  and  add  32. 


=  41*8  Thermal  units  per  minute. 

=  0*986  English  horse-power. 

=  2-204  lbs. 

from  degrees  Centigrade,  multiply 
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APPENDIX     F. 


NUMBER  OF  GAS  ENGINES  IN  USE,  AND  THEIR  APPUCATIONS, 

1896-1900. 

Abont  the  eud  of  the  yeer  1896  the  author  sent  out  ciroulars  to  most  of  Uie 
gM  compftnies  in  the  United  Kin^om,  requesting  the  engineer  or  Buperin- 
tendent  in  charge  kindly  to  furnish  him  with  the  number  of  gas  engines 
working  in  the  village,  town,  or  city  of  his  district.  Replies  were  obtained 
from  4&  companies,  a  short  summary  of  which  may  be  interesting.  To  theee 
are  added  a  list  of  the  number  of  gas  engines  working  in  some  of  the  lazgest 
towns,  showing  how  very  many  of  theee  motors  are  now  used  in  this  oountry. 
For  industrial  purposes  this  relatively  new  power  has  proved  a  most  important 
agent,  especially  within  the  last  ten  or  fifteen  years,  during  which  tims  tiie 
workmen  in  many  factories  and  shops  have  become  accustomed  to  ik  These 
convenient  and  useful  motors  require  no  steam  boiler,  and  the  smaller  ensines 
can  be  started  with  the  greatest  ease.  Gas  engines  were  first  sold  in  England 
on  a  conmiercial  scale  about  1877,  or  only  twenty-three  years  ago. 

Most  of  the  gas  companies  allow  a  considerable  discount  off  the  price  of  the 
sas  they  supplv,  when  a  large  quantity  is  used  for  power  in  the  day  time. 
For  this  and  other  reasons  there  will  probably  be  a  still  greater  demand  for 
this  class  of  engine  in  the  future. 

In  the  subjoined  list  one  of  the  chief  features  is  the  large  number  of  very 
small  engines — from  one  man-nower  to  one  H.P. — used  in  a  great  variety  of 
trades.  Gas  motors  have  at  tne  same  time  increased  in  siie,  and  many  are 
now  made  up  to  80,  100,  200  H.P.,  and  even  500  H.P.  In  analysing  the 
various  returns  the  following  summary  will  be  found  helpful : — 

In  the  London  districts  served  by  the  three  largest  gas  companies — ^viz., 
the  Gas  Light  and  Coke  Company,  South  Metropolitan,  and  the  Commercial— 
there  were  at  the  beginning  of  1897  about  4600  gas  engines  of  all  sizee,  from 
i  man-power  to  100  H.  P.  In  the  South  Metropolitan  district  alone  150  %  H.  P. , 
100  1  U .  P. ,  and  120  2  H.  P.  engines  were  running.  In  Paris,  where  gas  is  much 
dearer,  there  were  at  the  same  date  only  about  2300  engines,  representing  an 
aggregate  of  about  1200  H.P.  Birmingham  oomes  next  on  the  list  with  1480 
engines ;  Glasgow,  1235  ;  Liverpool,  10^ ;  Manchester,  about  1000;  Leiceeter, 
571;  Sheffield,517;  Bristol, 452;  Bradford, 432 ;  Belfast, 347;  Nottingham, 900 ; 
Halifax,  260 ;  Dublin,  262 ;  and  Sunderland,  230.  In  fifty  other  smaller  towns 
from  150  to  200  sas  engines  are  at  work,  sixteen  towns  use  from  100  to  150 
engines  each,  and  thirty-seven  towns  from  50  to  99.  Other  towns  and  ^illagea 
not  mentioned  above  have  from  1  to  50  engines.  As  a  rule,  industrial  towns 
head  the  list  for  the  number  of  gas  engines  in  use,  and  these  motors  are  largely 
employed  for  all  kinds  of  trade  purposes. 

According  to  this  return,  the  total  number  of  gas  engines  working  about 
January,  1897,  in  Great  Britain,  including  London,  was  25,700.  It  ia  inter- 
esting to  compare  this  figure  with  the  work  done  in  some  of  the  towns  is 
France  and  Belgium  at  the  same  period.  In  Lyons  there  were  775  ;  Bordeaux, 
296;  Roubaix,  250;  Lisle,  207;  Rouen,  95;  Nice,  88;  Fourooin,  85;  and 
Toulouse,  35  gas  engines.     In  Central  Europe,  about  the  end  of  1896,  there 
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were,  according  to  Bngmurmg,  15,600  gas  enginee  at  work,  giving  an  aggre- 
gate of  62,700H.  P. 

A  list  of  sixty- five  trades  served  by  these  engines  in  Enffland  is  added. 
Probably  the  largest  nomber  are  used  for  the  generation  of  electric  light. 
Printiag  and  newspaper  production  in  provincial  towns  come  next;  sausage 
makers  use  them  laigely,  as  well  as  butchers ;  and  manv  are  employed  for 
blowing  organs,  in  the  manufacture  of  gloves,  clothes  of  all  sorts,  and  laundry 
work.  In  gas  works  small  gas  engines  are  often  utilised  to  furnish  power  fur 
a  variety  of  purposes,  such  as  breaking  coke,  pumping,  hoisting,  &c.  In  one 
town  in  the  Midlands  the  returns  for  all  trade  purposes  show  an  increase  of 
about  fifty  engines  per  year,  or  an  average  of  one  per  week  ;  one  firm  alone 
utilises  a  total  of  400  H.P.  furnished  by  gas  engines. 

There  are,  of  course,  many  villages  without  gas  works  or  gas  enginee,  and 
some  have  works,  but  no  eneine.  Enough,  however,  has  been  said  to  show  that 
this  new  and  handy  motor  is  evidently  appreciated  by  the  industrial  public, 
and  every  year  sees  additions  to  the  number  in  use,  both  in  this  ana  other 
countries. 

The  above  figures  relate  only  to  the  enginee  driven  by  gas  supplied  by  gas 
companies. 

Up  to  the  end  of  1897  the  number  of  gas  engines  made  and  sold  in  Germany 
and  other  countries  was  about  32,000. 

It  is  difficult  to  apportion  the  horse-power  of  the  engines  to  the  number  at 
work,  but  we  shall  not  be  far  wrong  in  estimating  that  in  England  : — 


From  i  to    5  Nom.  H.P.  represent  about  50  per  cent, 
i»     fi  »»    10         „  „  „     25       „ 

„   10  „  20         „  „  „     16       „ 

„   sO  „    50  ,,  ,,  ,,       8       „ 

„  50  ,,100  and  above         „  „       1       „ 


of  the  total 

number  of 

motors. 


In  France,  according  to  Professor  Witz,  there  were  in  January,  1896, 
twenty-four  gas  engines  for  producing  electric  light,  namely  : — eight  stations 
with  a  total  of  386  H.P.,  driven  by  poor  gas  m^le  on  the  spot,  and  sixteen 
stations  with  a  total  of  1622  H.P.,  using  town  gas. 

Number  of  gas  engines  made  and  sold  in  England  and  abroad  by  Messrs. 
Orossley  :— 

Size. 

In  1877,    1st  year,  133  engines  aggregating  798  I.H.P.     1  to  8  Nom.  H.P. 

1878,  2nd    „    448      „  „       2,670      „       ) 

1879,  3rd     „    590      „  „       3,640      „       J 12  to  18  H.  P. 

1880,  4th     „    782      „  „       4,693      „       ) 
1898,21st     ,,2971      „  „     44,565      „         ltol60H.P. 

£qual  to  about  ten  per  working  day,  or  one  per  hour.  Total  up  to  the  end  of 
1898  r=  33,944  engines,  from  1  to  160  I.H.P.,  giving  a  total  of  436,400  I.H.P., 
or,  taking  the  average  of  twenty-one  years,  of  1617  gas  engines  per  year. 

The  following  ard  some  of  the  gas-power  plants  working  in  England  with 
Dowson  gas : — Blackpool,  one  of  950  H.P. ;  twenty-four  others  in  different 
towns  ranging  from  870  to  200  I.  H.P.  ;  thirty-four  plants  from  190  to  100 
I.H.P.  ;  twenty-six  from  90  to  60  I.H.P. ;  and  thirty-eight  from  46  to  10 
I.H.P.,  besides  a  large  number  of  gas  plants  supplied  to  all  parts  of  the  world. 
The  number  of  Otto  gas  engines  sold  from  1877  to  1897,  according  to  Mr. 
DowBon,  was  t—In  Great  Britain  and  Ireland,  31,000  by  Messrs.  Crossley ; 
in  Germany,  17,000  by  the  Gas  Motoren  Fabrik,  Deutz ;  in  other  countries, 
15,000.     Total,  68,000  in  twenty  years. 
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APPENDIX    G. 


Lnr  or  ArPLiOAnom  or  Oas  Eiionrn  (from  "Journal  of  Gas  Lighting''). 


A^ooltural  ImplonMnt  Maken. 

Air  PropeUera. 

Arm  V  Clothing. 

Artincial  Flower  Manufacturers. 

Bakers. 

BiMmit  Works. 

Boot  and  Shoe  Makers. 

Bottle  Cleaning. 

Bread  Kneading. 

Brewers. 

Builders. 

Cabinet  Makers. 

Cartridge  Makers. 

Chaff  Cutting. 

Clock  Makers. 

Coach  Builders. 

Coke  Breaking. 

Contractors. 

Com  Crushing. 

Com  Merchants. 

Cycle  Works. 

Dairy  Work. 

Electric  Lamp  Making. 

Electric  Light. 

Engineers. 

Gas  Works  (various  uses). 

Glove  Makers. 

Grocers. 

Hairdressers. 

Hay  Chopping. 

Hay  Stores. 


Hoisting  Goods. 
Horse  Clothing. 
Joinery  Works. 
Knitting  Stockings. 
Lamp  Cleaning. 
Laundry  Work. 
Leather  Works. 
Malt  Works. 
Meat  Cutting. 
Mineral  Water  Works. 
Newspaper  Offices. 
Paint  Manufacturers. 
Pork  Butchers. 
Printing. 
Rope  Spinning. 
Sail  Makers. 
Sausage  Makers. 
Saw  Mills. 
Seedsmen. 
Shirt  Makers. 
Silk  Weavers 
Smiths'  Fans. 
Tanners. 

Tobacco  Merchants. 
Ventilating   Rooms   and   Work- 
shops. 
Water  Pumping. 
Wood  Chopping. 
Wool  Works. 
Workshops  of  all  kinds. 
Yacht  Building. 


APPENDIX    G. 

NoTKS  FOR  Blank  Suxns  fob  Tbsts  on  Gas  o&  Oil  Enginxs. 

It  is  important  in  reporting  the  results  of  such  tests  that  they  should  be 
given  in  the  same  order  and  sequence,  so  that  comparisons  may  readily  be 
made.  In  such  reports  all  facts  and  data  relating  to  the  engine  tested  should 
come  first,  and  Sheet  1  be  filled  in.  The  results  of  the  tests  only  should  W 
entered  on  Sheet  2.  Any  conclusions  or  other  information  may  be  addt^l 
The  data  should  always  be  filled  in  as  far  as  possible,  and  in  the  order  indic&tf^l. 

It  is  important  that  the  heating  value  of  the  gas  or  oil  should  be  givtc 
A  simple  statement  of  so  many  cubic  feet  of  gas  or  lbs.  of  oil  used  per  B.H.P. 
per  hour  is  misleading  and  useless. 

When  the  heating  value  is  known,  the  thermal  efficiency  per  B.H.P.  can 
be  calculated,  and  this  is  the  best  figure  of  merit  for  comparing  gas  and  oi'i 
engine  results.  It  is  now  usually  adopted  i*  Germany,  France,  England,  and 
other  countries. 

When  the  thermal  efficiency  is  known,  the  results  of  any  gas  or  oil  engine 
can  be  compcured  with  others  or  with  any  steam  engine,  and  these  three  classe 
of  heat  motors  can  thus  be  compared  on  a  p*^  und  basis.  If  the  thermal  uniu 
are  converted  into  their  money  value  in  t.ie  particular  locality  of  the  tr^'t. 
the  three  heat  motors  can  be  compared  fo*>  cost  per  B.H.P.  per  hour.  Ar^ 
remarks  by  the  chief  experimenter  as  to  the  running  of  the  engine,  smell 
noise,  heated  bearings,  &c.,  should  be  added  on  Sheet  2.     The  beet  goarante* 


BLANK   8HBET8   FOR  TESTS. 
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as  between  buyers  and  sellers  of  gas  and  oil  engines  is  the  heat  efiSciency  per 
B.U.P.,  and  the  meohanioal  efficiency. 

HecU  Efficiency, — So  much  heat  is  given  to  a  motor  in  the  shape  of  gas  or 
oil,  and  so  much  heat  is  obtained  on  the  brake  (Joule's  heat  equivalent  for 
power).  The  heat  efficiency  per  B.H.P.  is  the  ratio  per  cent,  of  the  latter  to 
the  former. 


Blank  Shxets  tok  a  Gas  or  Oil  Enoinb  Trst,  Engine  Rated  at 
Shskt  No.  \.—Fact8  and  DcUa  only  on  this  Sheet. 


B.H.P. 


Partlculftn  Required. 


Date  of  test  and  name  of  town,  &c.. 

Test  No., 

Name  of  chief  experimenter. 

Name  of  motor,  maker,  and  type. 

Kind  of  work  on  during  test,  and  whether  driven 

direct  or  otherwise. 

Object  of  test, 

Were  all  the  conditions  kept  constant  ? 
Principle  of  eoveming  ?    Cutting  out  explosions 

or  throtthng  charge  or  otherwise. 
Cylinder,  horizontal  or  vertical.     No.  of  oranks, 
IHameter  of  cylinder,  one  or  more, 
Lenffth  of  stroke. 
Single  or  double-acting  engine,  . 
Four-cycle  or  otherwise,     . 
Clearance  volume,  if  known. 
Water  for  cooling  cylinder  jacket.     To  barrel 

and  bottom  cover  or  otherwise.    How  was 

qiuinti^  measured  ?       .         .  _ 

Type  and  No.  of  valves  and  metal  used  for  them, 
Type  and  No.  of  piston  rings  and  metal  used,  c 
Add  tracinff  of  indicator  diagram  nearest  to 

mean  ana  scale,  .... 
Name  of  indicator  used  in  the  test,  . 
^I^rpe  of  brake  used,  rope,  or  other,  . 
ifo.  and  diameter  of  flywheels,  . 
Ignition,  electric,  tube,  or  other  kind. 
Scavenger  air  stroke  or  not, 
Heatinff  value  of  gas  or  oil.     How  determined. 

and  Dy  whom  ? 

Engine  without  any  load  on.     Was  engine  indi 

cated  thus  ?    If  so,  add  copy  of  diagram  and 

scale, 

How  was  cas  or  oil  measured  ?    . 

Were  the  dififerent  tests  made  at  different  loads, 

full  and  half? 
Were  the  eovemin^  qualities  of  the  engine  tested 

for  sudden  variations  of  load?     If  so,  add 

results,  .        .         ,     '  '■ 
How  was  temperature  of  evhaust  eases  taken  ? 
Heat  balance  m  percentage,  add  if  calculated. 
Duration  of  motor  stroke  in  seconds  at  nominal 

speed,    .  .       ''; 

Cost  of  gas  or  oil  on  the  spbt,     . 
Add  any  additional  facts,  \ 


Replies. 


1900. 
No. 


inches, 
inches. 


cubic  feet. 


"Signed  and  Dated  by  Chief  Experimenter. 
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APPIKDIX  O. 


BuufK  SBsm  TOB  A  Gab  ok  Oil  Ehqihx  Tnr— Rbsuiab  ov  Szpxbimxxt. 
Shxit  No.  2.^Besults  only  on,  ihi»  ShuL 


Na 


Putlculari. 


.  10 
11 

I  IS 

jis 

|M 
,1S 

,  16 

I" 
I  18 

'  19 


I* 
i  21 

82 


1900— Barometer, 


Date  of  test, 

Test  No., 

Duration  of  teat» 

Name  of  gas  or  oil  used  in  teat,  and  specific 

gimvityofoil, 

Condition  of  test,  fall  or  half  power,  . 

Mean  reyolations  from  counter  on  crank  shaft. 
Piston  speed  in  feet  per  minute,  . 
No.  of  explosions  per  minute  by  counter,     . 
Maximum  pressure  (absolute)  from  the  mean 

diagram, 

Calculated  temperature  of  maximum  pressure, 
Exhaust  pressure  (absolute)  from  the  mean 

diagram, 

Calculated  temperature  of  exhaust  pressure, 
Range  of  temperature  in  cylinder  during  the 

explosion  stroke.  Line  10  minus  Line  12, 
Compression  pressure  from  mean  diagram,  . 
Compression  temperature  due  to  compression 


Inches. 

No. 

Hours. 

Name. 

Full  power  or 

otherwise. 
Revs,  per  min. 
Ft.  per  min. 
Expl.  per  min. 


Indicated  H.P.  from  diagrams.    Mean  of 

diagrams, 

BrakeH.P., 

Meohanioal  efficiency. 


Line  17 
Line  16' • 
Qas  or  oil  used  per  hour,  including  lamp  or 

burner.     If  gas,  add  temperature  and 

pressure, 

Gas  or  oil  used  per  I.H.P.  per  hour,  indud 

ing  lamp  or  burner,  .... 
Gas  or  oil  used  per  B.H.P.  per  hour,  includ 

in^  lamp  or  burner,  .... 
Heating  value  of  gas  or  oil  used  in  the  test 

at  a  certain  temperature  and  pressure. 

T.  U.  per  cubic  foot  gas  or  T.U.  per  lb.  oil, 
T.U.  perl.  H.  P.  per  minute  in  gas  or  oil  used, 
T.U.  per  B.H.  P.  per  minute  in  gas  or  oil  used. 

Heat  efficiency  of  engine  per  B.H.  P.  -Q^J^i 
Cooling  Jacket.    (Quantity  used  per  hour,  . 
Cooling  Jacket.     Temperature  out         F.  ; 
temperature  in       F.    Difference  or  rise, 
mean  of  observations. 

Temperature  of  gas  as  used  (mean), 
Temperature  of  air  used  (mean), . 
Pressure  of  gas  used  in  inches  6f  water, 
Temperature  of  exhaust  ^[ases,  if  taken, 
Quantity  of  lubricating  oil  used  per  hour,    . 
Cost  of  gas  or  oil  per  hour  per  B.H.P.  at 

place  of  test, 

If  driving  dynamo,  give  Electric  H.P., 
Power  to  dnve  ennne  empty  at  same  speed, 
Notes  on  noise,  good  running,  hot  bearings,  Ac. 


Lbs.  per  sq.  in. 
F.  degrees. 

Lbs.  per  sq.  in. 
F.  degrees. 

F.  degrees. 
Lbs.  per  sq.  in. 

F.  degrees. 


LH.P. 
B.H.P. 


Percent. 


Cub.  ft.  ffutt  or 

lbs.  oil. 
Cub.  ft.  gpw,  or 

lbs.  oiL 
Cub.  ft.  gas,  or 

lbs.oU. 


T.U. 
T.U. 
T.U. 

Percent. 

Lbs.  water. 


F.  degrees. 

F.  degrees. 

F.  degrees. 

Inches. 

F. 

Lbs. 

Pence. 
E.H.P. 
LH.P. 


Signed  and  Dated  by  Chief  Experimenter. 
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tests,  89. 
Portrait  of,  43. 


Paislky  gas  producer,  180. 

Papin,  19. 

Paris  Exhibition,  Road  motor  cars  at 

the,  431. 
Parts  of  a  gas  engine,  base,  6. 
„  „  „        cylinder,  6. 

„  „  „        piston,  6. 

f>  »»  I,        valves,  6. 

Pascal  gas  producer,  167. 
Patent,  Beau  de  Rochas',  36. 
Paterson's  tests  on  engine  driven  by 

water  gas,  165. 
Pellorce  oil  engine,  381. 
Peru,  Oil  in,  306. 
Petr^ano  vaporiser,  418. 
Petroleum,  American,  296. 

,,         as  liquid  fuel,  304,  306. 

„         Discovery  of,  294. 

„         distillation  of,  305,  315. 

,,  for  marine  work,  309. 

,,         on  an  English  railway,  308. 

,,         on  Russian  railways,  307. 

,,         Russian,  295. 

„  Scotch  shale,  296,  306. 

Petter  oil  engine,  357. 
Pierson  gas  producer,  183- 
Pintsch  oil  gas  producer,  313. 
Polke  sras  engine,  156. 
Portable  oil  engines,  428. 
Positions  of  crank  in  Otto  engine,  78. 
Power  gases.  Composition  of,  252. 
Premier  gas  engine,  102. 
,,       oil  enspne,  347. 
Pressures  of  oil,  302. 
Priestman  engine,  American  type,  336. 


Priestman  oil  engine,  330. 
„         oil  launch,  428. 
Principles    of    construction    in    gas 

engines,  1. 
Products  of  combustion — 

Grover's  experiments,  276. 

Haber's  „  277. 


QuENTiN  oil  engine,  379. 
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Regent  gas  en^ne,  129. 
„       oil  engine,  380. 
Regulation  of  speed  in  a  gas  engine,  11. 

„  >i     in  Otto  engine,  80. 

Reauisites  of  oil  engines,  325. 
Ricn^  wood  gas  prcmucer,  192. 
Rider  air  engine,  445. 
Road  motor  carriages,  430. 
Robey  gas  en^ne,  104. 
,,     oil  engine,  346. 
Robinson  air  engine,  439. 
Robinson's  experiments  on  oil,  302. 
Rocket  oil  engine,  345. 
Roger  gas  engine,  1 27. 
,,      oil  ensine,  380. 
Roots'  classincation  of  gas  engines,  17. 

,,      gas  engine,  105. 
Russian  oil  engines,  Bromley,  412. 

,,  „        Jakowlew,  413. 

„  „        Kablitz,  413 

,,  „        Liphardt,  413. 

,,  ,,        Machtechinki,413. 

Russia,  Petroleum  on  locomotives  in, 

306. 
Ruston  oil  engine,  355. 


Sachsenbuboer  Maschinen-Fabrik — 

Gas  engine,  153. 

Oil  en^ne,  397. 
Scavengms  charge,  286. 
Schmidt  oil  engine,  383. 

„       on  expansion  in  gas  engines, 
36. 
Schottler  on  cooling  action  of  cylinder 

walls,  289. 
Schweizerische  Maschinen-Fabrik — 

Gas  engine,  157. 

Oil  engine,  383. 
Seek  oil  engine,  394. 
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S^ksurit^  oil  engine,  376. 

Sening,  High  tixnuu»  gas  engine  plant 

at,2U9. 
Shipley  gas  engine,  101. 
Siemens  gas  producer,  166. 

„       regenerative  engine^  323. 

„       Sir  William,  36. 
Simon  gas  engine,  48. 
Simplex  gas  engine,  111. 

„  „  starting,  117. 

„       oil  engine,  375. 
Six -cycle  type,  Diaflram  of,  55. 
Slide  valves  in  the  Otto  engine,  76. 
Hombart  gas  engine,  147. 
Source  of  power,  5. 
Specific  heat,  224,  226. 

„  of  gases,  238. 

Spiel  oil  engine,  322. 
Spray  maker,  Priestman  engine,  332. 
Starter,  Clerk,  53. 
Starting  a  gas  engine,  3. 
Stirling  8  c^de,  231. 

,,        farst  engine,  436. 
,,        second  engine,  438. 
Stockport  gas  engine,  69,  94. 
Stratitication,  285. 
Street,  20. 

Strong  gas  producer,  167. 
Swiss  engines,  158. 


Takoye  gas  engine,  57,  91. 
,,         „  hammer,  94. 
„         „  producer,  176. 
,,       oil  engine,  348. 
Taylor  (Fichet  and  Heurtey)  gas  pro- 
ducer, 181. 
Taylor's  oil  gas  producer,  310. 
Tenting  gas  en^^ine,  124. 
„       oil  engine,  376. 
Tessi^  du  Motay  gas  producer,  167. 
Theoretical  cycle  of  heat,  13. 
Theory  of  air  eng^ines,  432. 

„         Capitaine  engine,  148. 
„         Diesel  engine,  413. 
Thermal  units,  224. 
Thistle  oil  engine,  356. 
Thomas  and  Laurent  ^as  produoer,  166. 
Thurston's   experiments    on    Brayton 

gas  engine,  49. 
Thwaite*8  application  of  high  furnace 
gases,  209. 
,,         gas  producer,  178. 
Time,  Rffect  of,  upon  the  cycle,  292. 
Tramways  driven  by  gas,  ^4. 
Transmission  of  energy,  7. 


Tresca's  trials  on  Lenoir  gas  engine. 

33. 
Trials  of  Brayton  oil  enffine,  321. 
„       Diesel  engine,  SchrSter,  417. 
„       Dowson  gas,  174. 
„       hieh  furnace  gaaes  at  Differ- 

dineen,  214. 
„       high  mrnace  gases  at  Serung, 

§1)9. 
,,       Mond  gas  produoer,  19L 
„       an  Otto  engine,  89. 
,,       portable  ou  engines,  Bolin, 

429. 
„       portable   oil    engines,  Cam- 
bridge, 430. 
,,       portable  oil  engines,  Meanx, 

429. 
„       Priestman    engine,     Unwin, 

335. 
„       Rich^    wood    gas    producer, 
195. 
Trusty  gas  en^ne,  101. 
„      oil  engine,  341. 
Types  of  sas  engines — 
Atmospheric,  264. 
Compressing  at  constant  presBore, 
263. 
,.  „    constant    votume, 

263. 
Kon-compressing,  262. 


Unwin  on  utilisation  of  oil,  317. 

„      tests  of  Priestman  engine,  335. 
Urquhart  on  Russian  petroleum,  307, 

m. 

Utilisation  of  high  furnace  gases,  19$. 
„         of  oil,  304. 
„         of  the  explosive  force  of 
gas,  5, 


Valves  of  a  sas  engine,  6. 
„       of  oil  engines,  327. 
Vaporisation  of  oiU  318,  340. 
Vaporiser  in  the  I>Biimler  engine,  387. 
„         in  oil  engines,  328. 
„         in  Priestman  engine,  333. 
„         Petr^ano,  418. 
Variations  in  expansion  curve,  284, 
Velocity  of  flame  propagation — 
Berthelot  and  Vieille,  269. 
Bunsen,  267. 
aerk,  273. 
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Velocity  of  flame  propagation — 
Mallard  and  Le  Chatter,  268. 
WitE,  270. 

Vosper  oil  launch,  428. 


W 

Waibbl  oil  engine,  410. 

Wall  action  in  gas  engine  cylinders, 

281. 
Water  gae,  161,  162. 

, ,         Dellwik  method  of  making, 
163. 
Water  Works,  Gas  engines  for,  421. 
Weatherhogg  oil  engine,  345. 
Wenham  air  engine,  442. 
Werdau  gas  engine,  152. 


WiahaWf  High  furnace  gas  plant  at, 

209. 
Wilson  gas  producer,  185. 

„      on  heating  value  of  oil,  300. 
Wittig  and  Hees,  56. 
Witz  on  cooling   action  of   cylinder 
walls,  m 
„     on   higher  and   lower  heating 

value  of  gas,  245. 
, ,     on  velocity  of  flame  propagation, 
270. 
Wright,  21. 


Yarrow's  Zephyr  spirit  launch,  336. 
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